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@) MOTOROLA 


RF Device Data 


This publication presents technical information for the several product families that 
comprise the Motorola portfolio of RF Products. The product families include bipolar, 
LDMOS, MOSFET FF Power, and gallium arsenide chip technologies in a variety of 
ceramic and plastic surface mount packages. Discrete components, hybrid modules, 
and integrated circuits provide different levels of complexity in an effort to provide RF 
solutions to our customers’ RF needs. , 

This edition encompasses a considerable number of changes that have occurred 
since our last printing. Attempts have been made to update global standard product 
offerings in one book. In addition, many devices have been eliminated from this book 
due to package eliminations, aging technology, low sales, or new technology 
replacements. The changes are detailed on the following page “About this revision.” 

All devices are in alphanumeric order in the Device Index of this book. Just turn to 
the appropriate page for technical details of the known device. If you are seeking a 
“closest replacement” for a competitor’s part, then turn to the Cross Reference 
section for information. Finally, if you need to identify a device that meets your 
functional performance requirements of frequency, output power, gain, or other 
parameters, then utilize the Selector Guide section of the book. 

The information in this book has been carefully checked and is believed to be 
accurate; however, no responsibility is assumed for inaccuracies. Please consult your 
nearest Motorola Semiconductor sales office for further assistance regarding any 
aspect of Motorola RF Products. 





Motorola reserves the right to make changes, without further notice, to any products herein. Motorola makes no 
warranty, representation, or guarantee regarding the suitability of its products for any particular purpose, nor does 
Motorola assume any liability arising out of the application or use of any consequential or incidental damages. “Typicals” 
mustbe validated for each customer application by customer's technical experts. Motorola does notconvey any license 
under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as 
components in systems intended for surgical implant into the body, or other applications intended to support or sustain 
life, or for any other application in which the failure of the Motorola product could create a situation where personal injury 
or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized 
application, Buyer shall indemnify and hold Motorola andits officers, employees, subsidiaries, affiliates, and distributors 
harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or 
indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, evenif such claim 
alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola and ® are registered 
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer. 


© Motorola, Inc. 1994° 
Previous Edition © 1991 Printed in U.S.A. 
“All Rights Reserved” 


ABOUT THIS REVISION 


Extensive changes have been made to this edition of the RF Device Data Book. Both format and content have been significantly 
revised. Some of the changes are as follows: 


e The new book has been reduced to one volume. This has been accomplished by removing the Applications Portion of the book 
and making it a separate piece of literature. An RF Applications Handbook will be forthcoming. 


e Many outmoded devices have been added to our “Not Recommended for New Design’ list. 


e Products introduced since our last printing have been added to the portfolio. These new standards are identified as “Preferred 
Devices.” 


e The Tuning, Hot Carrier, and PIN Diode Data Sheet section of the book has been removed. Support of these products is 
coordinated through the Signal Products Division’s Product Marketing organization. 


e There will continue to be two sections of products — Discrete Transistors and Amplifiers. Devices will be categorized 
accordingly. This is similar to the previous Volume | and II format. 


* The Cross Reference is being modified. Previously, we identified Motorola replacement devices either as direct or similar, 
depending on how easily they can be substituted for other devices. New chip technologies drive new packaging concepts which 
lead to uniquely new products. Because few of these new products are direct replacements, a “closest replacement’ listing has 
been created. Functional similarity probably best defines the meaning of closest replacement. 


DATA CLASSIFICATION 


PRODUCT PREVIEW 


Data sheets herein contain information on a product under development. Motorola reserves the right to change or discontinue 
these products without notice. 


ADVANCED INFORMATION 
Data sheets herein contain information on new products. Specifications and information are subject to change without notice. 


FORMAL 
For a fully characterized device there must be devices in the warehouse and price authorization. 


DESIGNER’S 


The Designer’s Data Sheet permits the design of most circuits entirely from the information presented. Limit curves — representing 
boundaries on device characteristics — are given to facilitate “worst case” design. 


MOTOROLA DEVICE CLASSIFICATIONS 


In an effort to provide up-to-date information to the customer regarding the status of any given device, Motorola has classified 
all devices into three categories: “Preferred” products, “Current” products and “Not Recommended for New Design” products. 
PREFERRED PRODUCTS 


A Preferred Type is a device which is recommended as a first choice for future use. These devices are “preferred” by virtue of 
their performance, price, functionality, or combination of attributes which offer the overall “best” value to the customer. This 
category contains both advanced and mature devices which will remain available for the foreseeable future. 


“Preferred Devices” are identified in the Selector Guide Section and the Data Sheet Sections. 


CURRENT PRODUCTS 


Device types identified as “current” may not be:a first choice for new designs, but will continue to be available because of the 
popularity and/or standardization or volume usage in current production designs. These products can be acceptable for new 
designs but the preferred types are considered better alternatives for long term usage. 


Any device that has not been identified as a “preferred device’ is a “current” device. 


NOT RECOMMENDED FOR NEW DESIGN PRODUCTS 


Products designated as “Not Recommended for New Design” have become obsolete as dictated by poor market acceptance, 
or a technology or package that is reaching the end of its life cycle. Devices in this category have an uncertain future and do 
not represent a good selection for new device designs or long term usage. 


The RF Device Data book does not contain any “Not Recommended for New Design’ devices. 


Designer’s, Epicap, MACRO-T, MACRO-X and TMOS are trademarks of Motorola Inc. 
Annular Semiconductors patented by Motorola Inc. 


TRANSISTORS 


Device Number 


2N6439 
2N6985 
2N6986 

BFR90 
BFR92ALT1 
BFR93ALT1 
BFR96 
BFS17LT1 
LP1001,A 
LP1983 
MMBR821LT1 
MMBRS536LT1 
MMBR8571LT1 
MMBR901LT1 
MMBR911LT1 
MMBR920LT1 
MMBR931LT1 
MMBR941LT1,BLT1 
MMBR951LT1,ALT1 
MMBR4957LT1 
MMBR5031LT1 
MMBR5179LT1 
MPS536 
MPS571 
MPS901 
MPS911 
MPS3866 
MRA1000-7L 
MRA1000-14L 
MRA1417-6 
MRAL1720-20 
MRAL2023-3, MRAL2023-6 
MRAL2023-18 
MRAL2327-3, MRAL2327-12 
MRF 134 
MRF136,Y 
MRF 137 
MRF138 

MRF 140 

MRF 141 
MRF141G 
MRF 148 
MRF150 

MRF 151 
MRF151G 
MRF 154 
MRF157 
MRF158,R 


DEVICE INDEX 


Description 


NPN Silicon RF Power Transistor .................- 
NPN Silicon Push-Pull RF Power Transistor ......... 
NPN Silicon Push-Pull RF Power Transistor ......... 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistors ............ 
NPN Silicon High-Frequency Transistor ............. 
PNP Silicon High-Frequency Transistor ............. 
PNP Silicon High-Frequency Transistors ............ 
NPN Silicon High-Frequency Transistors ............ 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistors ............ 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon Low Noise, High-Frequency Transistors . . 
NPN Silicon Low Noise, High-Frequency Transistors . . 
PNP Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistor ............. 
PNP Silicon High-Frequency Transistors ............ 
NPN Silicon High-Frequency Transistors ............ 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistors ............ 
NPN Silicon High-Frequency Transistor ............. 
UHF Power Transistor .......... 0... cece eee eens 
UHF Power Transistor ............. 2. cece cece eens 
Microwave Power Transistor ...............00eeeeee 
Microwave Power Transistor ..............00ceeeeee 
Microwave Power Transistors ...........-.00.eeeeee 
Microwave Power Transistor ............-..0.00000- 


N-Channel Enhancement-Mode RF Power FET ...... 
N-Channel Enhancement-Mode RF Power FET ...... 
N-Channel Enhancement-Mode RF Power FET ...... 
RF Power Field Effect Transistor ................... 
RF Power Field Effect Transistor ................... 
N-Channel Enhancement-Mode RF Power FET ...... 
N-Channel Enhancement-Mode RF Power FET ...... 
RF Power Field Effect Transistor ..................- 
RF Power Field Effect Transistor ................... 
Power Field Effect Transistor .................0000- 
RF Power Field Effect Transistor ................... 
RF Power Field Effect Transistors ...............00- 
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MRF 161 
MRF162 

MRF 163 
MRF164W 
MRF166,C 
MRF171 

MRF 173,CQ 
MRF 174 
MRF175GV,GU 
MRF175LV,LU 
MRF176GV,GU 
MRF177,M 


MRF 182 
MRF 183 
MRF0211LT1 
MRF224 
MRF240 
MRF247 
MRF313 
MRF314 
MRF315 
MRF316 
MRF317 
MRF321 
MRF323 
MRF325 
MRF326 
MRF327 
MRF329 
MRF392 
MRF393 
MRF421 
MRF422 
MRF426 
MRF429 
MRF448 
MRF454 
MRF455 
MRF464 
MRF492 
MRF521 
MRF553 
MRF555 
MRF557 
MRF559 
MRF571 
MRF581,A 


Page 
Description Number 

N-Channel Enhancement-Mode RF Power FET ...... 2-187 
N-Channel Enhancement-Mode RF Power FET ...... 2-195 
N-Channel Enhancement-Mode RF Power FET ...... 2-203 
Power Field Effect Transistor ...................5-. 2-211 
RF Power Field Effect Transistors .................- 2-215 
N-Channel Enhancement-Mode RF Power FET ...... 2-222 
RF Power Field Effect Transistors .................. 2-230 
N-Channel Enhancement-Mode RF Power FET ...... 2-235 
RF Power Field Effect Transistors .................- 2-243 
RF Power Field Effect Transistors .............2.005 2-250 
RF Power Field Effect Transistors .................- 2-257 
RF Power FET N-Channel Enhancement-Mode 

MOSFE US? oi.cssie ao Seatinnie haa ele Soe Sao etsy bieereuacerecert 2-265 
RF Power Field Effect Transistor ..................- 2-273 
RF Power Field Effect Transistor ................... 2-276 
NPN Silicon High-Frequency Transistor ............. 2-279 
NPN Silicon RF Power Transistor .................. 2-283 
NPN Silicon RF Power Transistor .................- 2-286 
NPN Silicon RF Power Transistor ...............+.- 2-290 
NPN Silicon RF Power Transistor ..............-... 2-293 
NPN Silicon RF Power Transistor .................. 2-295 
NPN Silicon RF Power Transistor .................- 2-299 
NPN Silicon RF Power Transistor .................. 2-303 
NPN Silicon RF Power Transistor .................- 2-307 
NPN Silicon RF Power Transistor .................+ 2-311 
NPN Silicon RF Power Transistor ............---.-+ 2-315 
NPN Silicon RF Power Transistor ...............65- 2-319 
NPN Silicon RF Power Transistor .................- 2-323 
NPN Silicon RF Power Transistor .................+ 2-327 
NPN Silicon RF Power Transistor .................- 2-331 
NPN Silicon Push-Pull RF Power Transistor ......... 2-335 
NPN Silicon Push-Pull RF Power Transistor ......... 2-339 
NPN Silicon RF Power Transistor ..........-0...005 2-343 
NPN Silicon RF Power Transistor .................- 2-347 
NPN Silicon RF Power Transistor .................. 2-351 
NPN Silicon RF Power Transistor .................. 2-355 
NPN Silicon RF Power Transistor ...............-6- 2-359 
NPN Silicon RF Power Transistor ...............60- - 2-363 
NPN Silicon RF Power Transistor ...............--5 2-365 
NPN Silicon RF Power Transistor .................- 2-367 
NPN Silicon RF Power Transistor ..............6065 2-371 
PNP Silicon High-Frequency Transistor ............. 2-34 
NPN Silicon RF Low-Frequency Transistor .......... 2-374 
NPN Silicon RF Low-Frequency Transistor .......... 2-379 
NPN Silicon RF Low-Frequency Transistor .......... 2-383 
NPN Silicon High-Frequency Transistor ............. 2-388 
NPN Silicon High-Frequency Transistor ............. 2-395 
NPN Silicon High-Frequency Transistors ............ 2-401 
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MRF641 
MRF644 
MRF650 
MRF652,S 
MRF653,S 
MRF654 
MRF658 
MRF837 
MRF839F 
MRF840 
MRF842 
MRF844 
MRF847 
MRF880 
MRF890,S 
MRF891,S 
MRF892 
MRF894 
MRF896,S 
MRF897 
MRF898 
MRF899 
MRF901 

MRF941 
MRF947T1,BT1 
MRF951 
MRF957T1 
MRF1000MA,MB 
MRF 1002MA,MB 
MRF1004MA,MB 
MRF1015MA,MB 
MRF 1029 

MRF 1030 
MRF1031 

MRF 1032 
MRF1035MA,MB 
MRF1090MA,MB 
MRF1150MA,MB 
MRF1375 

MRF 1500 
MRF1946,A 
MRF2000-5L 
MRF2628 
MRF3094, MRF3095, MRF3096 
MRF3104, MRF3105, MRF3106 
MRF3866 
MRF4427 
MRF5003 


Description 


NPN Silicon High-Frequency Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistors 
NPN Silicon RF Power Transistors 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor .................. 
NPN Silicon RF Low-Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistors 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistors 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor 
NPN Silicon RF Power Transistor ...............005 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon Low-Noise, High-Frequency Transistors . . 
NPN Silicon Low-Noise, High-Frequency Transistors . . 
NPN Silicon Low-Noise, High-Frequency Transistors . . 
NPN Silicon Low-Noise, High-Frequency Transistor . . . 
Microwave Pulse Power Transistors 
Microwave Pulse Power Transistors 
Microwave Pulse Power Transistors 
Microwave Pulse Power Transistors 
UHF Power Transistor 
UHF Power Transistor 
UHF Power Transistor 
UHF Power Transistor ............. ccc ceeeeeeeeee 
Microwave Pulse Power Transistors 
Microwave Pulse Power Transistors 
Microwave Pulse Power Transistors 
Microwave Pulse Power Transistor 
Microwave Pulse Power Transistor 
NPN Silicon RF Power Transistors ...............05 
Microwave Linear Power Transistor .............000 
NPN Silicon RF Power Transistor ................5. 
Microwave Linear Power Transistors ............... 
Microwave Linear Power Transistors ...............- 
NPN Silicon High-Frequency Transistor 
NPN Silicon RF Low Power Transistor 
RF Power Field Effect Transistor 
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2-407 
2-414 
2-418 
2-422 
2-428 
2-432 
2-436 
2-440 
2-444 
2-450 
2-453 
2-457 
2-461 
2-464 
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Device Number 


MRF5015 
MRF5035 
MRF5211LT1 
MRF5583 
MRF5711LT1 
MRF5812 
MRF5943 
MRF6401 
MRF6402 
MRF6403 
MRF6404 
MRF6406 
MRF8372 
MRF90114LT1 
MRF9331LT1 
MRF9411LT1,BLT4 
MRF9511LT1 
MRF10005 
MRF10031 
MRF10070 
MRF10120 
MRF10150 
MRF10350 
MRF10500 
MRF15030 
MRF15090 
MRFQ17 
MRW2000 SERIES 
MRW3001, MRW3003, 
MRW3005 

MRW52602 

" MRW52604 
MRW53502 
MRW53601 
MRW54001, MRW54601 
TP3005 
TP3006 
TP3007S 
TP3008 
TP3019S 
TP3020A 
TP3021 
TP3022B 
TP3024B 
TP3032 
TP3034 
TP3061 
TP3062 
TP3064 


Description 


RF Power Field Effect Transistor .................-. 
RF Power Field Effect Transistor ..................- 
PNP Silicon High-Frequency Transistor ............. 
PNP Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistors ............ 
NPN Silicon RF Low Power Transistors ............. 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon RF Power Transistor ...............--. 
NPN Silicon RF Power Transistor .................- 
NPN Silicon RF Power Transistor ..............-... 
NPN Silicon RF Power Transistor ................-- 
NPN Silicon RF Power Transistor .................. 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistor ............. 
NPN Silicon High-Frequency Transistors ............ 
NPN Silicon Low Noise, High-Frequency Transistors . . 
NPN Silicon Low Noise, High-Frequency Transistors . . 
Microwave Power Transistor .............220eee eee 
Microwave Long Pulse Power Transistor ............ 
Microwave Pulse Power Transistor .............-.-- 
Microwave Long Pulse Power Transistor ............ 
Microwave Pulse Power Transistor .............+..- 
Microwave Pulse Power Transistor ..............--- 
Microwave Pulse Power Transistor .............-.-- 
NPN Silicon RF Power Transistor .................. 
NPN Silicon RF Power Transistor .................. 
NPN Silicon High-Frequency Transistor ............. 
Microwave Power Transistors ................20005- 


Microwave Power Transistors ..............eeceeeeee 
Microwave Linear Power Transistor ................. 
Microwave Linear Power Transistor ................. 
Microwave Linear Power Transistor ................- 
Microwave Linear Power Transistor ................. 
Microwave Linear Power Transistors ................ 
UHF Power Transistor ............0cceeec cece eeee 
NPN Silicon RF Power Transistor .................. 
NPN Silicon RF Power Transistor .................. 
RF Power Transistor .....5...... 0.00 cece eee eeeeee 
UHF Power Transistor ................00 cece eeeeee 
UHF Power Transistor ...................000 eee eee 
UHF Power Transistor .............0eseeeeeeeeceee 
UHF Power Transistor .................00eeeeeeeee 
UHF Linear Power Transistor ................00e005 
NPN Silicon RF Power Transistor ................65 
NPN Silicon RF Power Transistor ...............065 
UHF Power Transistor .............cceee cece eeeaee 
UHF Power Transistor ................ cece cece eee 
RF Power Transistor ...............0c cee eeeeeeeeee 
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TP3069 
TP5002S 
TP5015 
TP5051 
TP62601 
TPV595A 
TPV596A 
TPV597 
TPV598 
TPV695A 
TPV5055B 
TPV6030 
TPV7025 
TPV8100B 
TPV8200B 


AMPLIFIERS 


ATV6031 

ATV6060 

CA901,A 

CA902,A 

CA912 

CA922,A 

CA2810C 

CA2818C 

CA2830C, CA2833C 
CA2832C 

CA2842C 

CA2850CR, CA2851CR 
CA2870C 

CA2875CR 
CA4800C,CS SERIES 
CA4900,S SERIES 
CA5800C, CS 
CA5801,S 
CA5815C,CS 
CA5900,S 

CA5915,S 

CA97901 

CR2424A,R, CR2425A 
CR2428 

CR3424A,R, CR3425A 
CR3428 

MFF124B 

MFF224B 

MFF324B 

MHW105 

MHW607 SERIES 
MHW704 
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RF Power Transistor ............ cece cece eee eens 2-796 
UHF Linear Power Transistor ..............000 eee 2-801 
UHF Linear Power Transistor ...............eeee eee 2-804 
NPN Silicon RF Power Transistor ................45 2-805 
Microwave Power Oscillator Transistor .............. 2-810 
UHF Linear Power Transistor ...............000000 2-813 
UHF Linear Power Transistor ............. 0 0c eee 2-817 
UHF Linear Power Transistor ...............e0e ees 2-820 
UHF Linear Power Transistor ................. 0000s 2-823 
UHF Linear Power Transistor ..................004 2-825 
UHF Linear Power Transistor ...............0000005 2-826 
NPN Silicon RF Power Transistor ................5. 2-830 
UHF Linear Power Transistor ...........-.. eee sees 2-832 
NPN Silicon RF Power Transistor ................4. 2-835 
NPN Silicon RF Power Transistor .............-..505 2-841 
Linear Power Amplifier ............. cece eee cece ees 3-2 
Broadband Linear Power Amplifier ................. 3-3 
VHF/UHF CATV Amplifiers .............-....22008 3-5 
VHF/UHF CATV Amplifiers ...............0e eee eee 3-7 
VHF/UHF CATV Amplifier .................2...008- 3-9 
VHF/UHF CATV Amplifiers ..............0.e eee eee 3-11 
Wideband Linear Amplifier................eeseeeee 3-13 
Wideband Linear Amplifier.................0.0e eee 3-16 
Wideband Linear Amplifiers ............... 000s eee ee 3-19 
Wideband Linear Amplifier.................0.0e eee 3-22 
Wideband Linear Amplifier ............ 00... eee eens 3-25 
Wideband Linear Amplifiers .................0-eeeee 3-28 
Wideband Linear Amplifier................ cece sees 3-31 
Wideband Linear Amplifier................0e ee eeee 3-34 
Wideband Linear Amplifiers .................ee seen 3-37 
Wideband Linear Amplifiers ........................ 3-39 
Wideband Linear Amplifiers ...................00 eee 3-41 
Wideband Linear Amplifiers .................000000- 3-43 
Wideband Linear Amplifiers ................ec eee eee 3-45 
Wideband Linear Amplifiers .................000000: 3-47 
Wideband Linear Amplifiers ...............e sence eee 3-49 
36-Channel CATV Hi-Slope I/O Trunk Amplifier ...... 3-51 
Video Driver Hybrid Amplifiers ..................00 3-53 
Video Driver Hybrid Amplifier ..................0005 3-55 
Video Driver Hybrid Amplifiers .................000. 3-57 
Video Driver Hybrid Amplifier ..................000- 3-59 
450 MHz CATV Feedforward Amplifier .............. 3-61 
550 MHz CATV Feedforward Amplifier .............. 3-63 
550 MHz CATV Feedforward Amplifier .............. 3-65 
VHF Power Amplifier ............. 0: cence ee eee eee 3-67 
VHF Power Amplifiers ............... cece eee eee eee 3-70 
UHF Power Amplifier ......... 0... cece eee eee 3-74 
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MHW707 SERIES UHF Power Amplifiers ...........-..-.0 eee eee eee 
MHW720A SERIES UHF Power Amplifiers ............... 2c eee e eee eee 
MHW803 SERIES UHF Power Amplifiers ............ cece eee eee dees 
MHW6804 SERIES UHF Power Amplifiers ........... 00... cece ee ee eee 
MHW806A SERIES UHF Power Amplifiers ............. cece eee eee eee 
MHW812A3 UHF Power Amplifier .............. 00... eee eee eee 
MHWé851 SERIES UHF Power Amplifiers ..................0..0202005 
MHWS903, MHW953, MHW954 UHF Power Amplifiers ............ 00. cece eee ee eee 
MHW909 UHF Power Amplifier .............. cece eee eee e eee 
MHW912 UHF Power Amplifier ............ cece eee eee eee 
MHW914, MHW915 UHF Power Amplifiers .....................020200- 
MHW927A,B UHF Linear Power Amplifiers ................0ee eee 
MHW932 UHF Power Amplifier ........... cc cece cece eee eee 
MHW1134, MHW1224, 

MHW1244 Low Distortion Wideband Amplifiers ................ 
MHW5122A 450 MHz CATV Amplifier ........... 0... e cece eee 
MHW5142A 450 MHz CATV Amplifier ............. 20. e eee eee 
MHW5172A 450 MHz CATV Amplifier ........... 0... cece eee eee 
MHW5182A 450 MHz CATV Amplifier ................. eee eee eee 
MHW5183, MHW6183 60- & 70-Channel CATV Low-Noise Amplifiers ....... 
MHW5185B, MHW6185B, 

MHW6185-6 High Output Doubler CATV Amplifier Modules ........ 
MHW5205 High Output Doubler 450 MHz CATV Amplifier ....... 
MHW5222A - 450 MHz CATV Amplifier ...................0e ee eee 
MHW5225 High Output Doubler 450 MHz CATV Amplifier ....... 
MHW5272A 450 MHz CATV Amplifier ............... 0. cece eee 
MHW5342A 450 MHz CATV Amplifier ..................-.--0 06 
MHW5382A 450 MHz CATV Amplifier ..................0. sake garen 
MHW6122 550 MHz CATV Amplifier .....05......... 0.00 ee eee 
MHW6142 550 MHz CATV Amplifier .............. 0c eee eee eee 
MHW6172 77-Channel CATV Input/Output Trunk Amplifier ...... 
MHW6182 550 MHz CATV Amplifier ...............-. 00. eee eee 
MHW6222 ‘550 MHz CATV Amplifier ..:..........-2.2022e ee eee ; 
MHW6272 77-Channel CATV Line Extender Amplifier........... 
MHW6342 77-Channel CATV Amplifier ..............0. cece eee 
MHW7182, MHW8182, 

MHW9182 110-, 128- & 152-Channel CATV Amplifiers .......... 
MHWs:002 SERIES UHF GaAs FET Power Amplifiers ................-- 
MRFA2600 Broadband RF Array for TV Transmitter ............. 
MRFA2602 Broadband RF Power Amplifier for TV Transmitter .... 
MRFIC2001 900 MHz Downconverter (LNA/Mixer) ............... 
MRFIC2002 900 MHz Transmit Mixer ............. ccc e eee eens 
MRFIC2003 900 MHz GaAs Antenna Switch .................06- 
MRFIC2004 900 MHz Driver and Ramp ..............eceee eens 
MRFIC2006 900 MHz 2-Stage PA ............ eee eee eee eee ee 
RFA8090B Broadband RF Array for TV Transmitter ......... eee 
RFA8180B Broadband RF Array for TV Transmitter ..:-......... 
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MOTOROLA RF DEVICE DATA SELECTOR GUIDE 
1-1 


NOT RECOMMENDED FOR NEW DESIGN PRODUCTS 


Products designated as “Not Recommended for New Design” have become obsolete as dictated by poor market acceptance, or 
a technology or package that is reaching the end of its life cycle. Devices in this category have an uncertain future and do not 
represent a good selection for new device designs or long term usage. 


Table 1. Not Recommended for New Design Products 


NOT NOT 
RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER PART NUMBER PART NUMBER 


2N6305 
2N6603 MRF901 
2N6604 MMBRO11LT14 
2N6618 
2N6679 
ACRQ00-30E 
AMR175-60 
MMBR5179L AMR225-60 
— AMR440-60 
MMBR5179LT1 AMR470-60 
MRF3866 AMR900-60 
MRF3866 AMR900-60A 
MRF5003 ATV5030 
MRF4427 ATV5090B 
MRF9011LT1 ATV7050 
MRF9011LT1 ATV7060 ATV6060 
MRF4427 BFR91 MMBR911LT1 
MRF3866 BFR92 BFR92ALT1 
MMBR4957LT1 BFR93 BFR93ALT1 
MMBR4957LT1 BFRC90 
MMBR4957LT1 BFRC91 
MMBR5031LT1 BFRC96 
MMBR5031LT1 BFw92A 
_ BFX89 
MRF5943 BFY90 
_ BRFC96 
MMBR5179LT1 BT500 
MRF5583 
MRF2628 CA2800 CA2818C 
MRF1946/A CA2810C 
MRF321 CA2813C CA2810C 
MRF 134 CA2810C 
MRF166C CA2818 CA2818C 
MRF137 CA2818C 
MRF9011LT1 CA2820 _ 
MRF951 es 
MRF951 CA2830 CA2830C 
aa CA2830C 
MRF316 CA2832 CA2832C 
MRF5943 CA2832H CA2832C 
MRF5003 CA2833 CA2833C 
MRF652 CA2842 CA2842C 
MRF653 CA2842H CA2842C 
MRF5003 CA2850CR 
MRF2628 CA2851CR 
MRF1946/A CA2870 CA2870C 
MRF1946/A CA2870C 
MRF1946/A CA2875CR 
MRF173 CA3220R MHW5182R 
MRF134 MHW5182R 
— MHW5182R 


NOT 
RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER 


CA4800 CA4800C 
CA4800H CA4800CS 
CA4812 CA4812C 
CA4812H CA4812CS 
CA4815 CA4815C 
CA4815H CA4815CS 
CAS001R MHW5182R 
CA5100R MHW5182R 
CA5101R MHW5182R 
CA5200R MHW5182R 
CA5201R MHW5182R 
CAS5800 CA5800C 
CA5800H CA5800CS 
CA5815 CA5815C 
CA5815H CA5815CS 
CA7901 - 
CR2424 CR2424A 
CR2424H CR2424A 
CR2425 CR2425A 
CR3424 CR3424A 
CR3424H CR3424A 
CR3425 CR3425A 
CR820 
DHP02-36-40 
DHP05-18-20 
DHP05-36-10 
DHP10-14-15 
DHP 10-32-08 
FF124 MFF124B 
FF124B MFF124B 
FF224 MFF224B 
FF224B MFF224B 
JO2015A 2N6439 
JO3037 MRF658 
MRF892 
MRF894 
MRF1946 
MRF1946/MRF247 
MRF5812 


MRF581 
MRF581 
MRF581 
MRF5812 


MHW10000 
MHW10001 
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Table 1. Not Recommended for New Design Products (continued) 


NOT 
RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER 


MHW10002 

MHW10003 

MHW1184 

MHW1184R 

MHW2001-15 

MHW5141A MHW5142A 
MHW5162A MHW5172A 
MHW5171A MHW5172A 
MHW5181A MHW5182A 
MHW5185 MHW5185B 
MHW5205R 


NOT 
RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER 


MRA0610-3H 

MRA0610-40A 

MRA0610-9 

MRA0610-9H 

MRA1000-3.5L 

MRA1014-12 

MRA1014-12H 

MRA1014-2 

MRA1014-2H 

MRA1014-35 

MRA1014-6 

MRA1014-6H 

MRA1214-55H 

MRA1300-10L. 

MRA1417-11 

MRA1417-11H 

MRA1417-2 

MRA1417-25A 

MRA1417-2H 

MRA1417-6H 

MRA1600-13 

MRA1600-2 

MRA1600-30 

MRA1600-50H 

MRA1600-6 

MRA1618-35H 

MRA1720-2 

MRA1720-20 

MRA1720-5 

MRA1720-9 

MRAL1417-11 

MRAL1417-2 

MRAL1417-25 

MRAL1417-6 

MRAL1720-2 

MRAL1720-5 

MRAL1720-9 

MRAL2023-1.5 

MRAL2023-1.5H 

MRAL2023-12 

MRAL2023-12H 

MRAL2023-18H 

MRAL2023-3H 

MRAL2023-6H 

MRAL2327-1.3 MRA2023-3 
MRAL2327-12H = 
MRAL2327-6 ase 
MRF1001A MRF5812 
MRF10030 MRF10031 
MRF1008MA = 
MRF1008MB ae 
MRF1150M MRF10150 
MRF1250M MRF10350 
MRF1325M MRF10350 
MRF172 MRF173 
MRF207 <a 
MRF208 _ 
MRF212 MRF2628 


NOT 
RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER 


MRF216 MRF247 
MRF220 — 

MRF221 MRF5015 
MRF226 MRF5015 
MRF227 MRF5003 
MRF229 MRF5003 
MRF232 MRF2628 
MRF233 MRF2628 
MRF234 MRF1946/A 
MRF2369 MRFO211L71 
MRF237 MRF5003 
MRF238 MRF1946/A 
MRF240A MRF1946 
MRF245 MRF247 
MRF260 

MRF261 

MRF262 

MRF264 

MRF314A 

MRF315A 

MRF338 

MRF340 

MRF342 

MRF344 

MRF390 

MRF401 

MRF406 

MRF4070 

MRF410 

MRF4217A 

MRF421MP 

MRF422MP 

MRF4239A 

MRF427 MRF 138 
MRF427A MRF138 
MRF428 MRF429 
MRF429MP — 

MRF430 MRF 157 
MRF433 MRF2628 
MRF449A MRF1946/A 
MRF450 MRF455 
MRF450A MRF455 
MRF455A MRF455 
MRF458 MRF454 
MRF464A MRF464 
MRF466 

MRF475 

MRF476 

MRF477 

MRF479 

MRF485 

MRF486 

MRF492A MRF492 
MRF497 - 

MRF501 MMBR5179LT1 
MRF502 MMBR85179LT1 
MRF511 MRF587 
MRF515 MRF559 





MHW6142 
MHW6172 
MHW6182 
MHW6185B 
MHW704 


MHW720A1 
MHW720A2 
MHW851-1 
MHW851-2 
MHW851-3 
MHW851-4 


MRF5583 
MMBRS36LT1 
MRF5943 
MRF5943, 


MMBR2060L BFS17LT1 
MMBR2857L MMBR5179LT1 
MMBR930L MMBR911LT1 
MMC4049 _ 

MPS1983 MPS901 
MRA0500-19L. 

MRA0510-50H 

MRA0610-18A 

MRA0610-18H 

MRA0610-3 
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Table 1. Not Recommended for New Design Products (continued) 


NOT 
RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER 


MRF5160 

MRF517 

MRF5174 

MRF5175 

MRF522 

MRF524 

MRF525 

MRF531 

MRF532 

MRF534 

MRF536 

MRF542 

MRF543 

MRF544 

MRF545 

MRF546 

MRF547 

MRF548 

MRF549 

MRF572 MRF571 
MRF580 MRF581 
MRF580A MRF581A 
MRF586 MRF5812 
MRF604 MRF4427 
MRF607 _ 
MRF627 _ 
MRF629 MRF5003 
MRF630 MRF5003 
MRF646 MRF650 
MRF648 MRF650 
MRF660 = 
MRF750 MRF557 
MRF752 MRF5003 
MRF754 _ 
MRF838 MRF557 
MRF838A MRF557 
MRF839 MRF840 
MRF841 _ 
MRF841F _ 
MRF846 MRF847 
MRF873 _ 
MRF873S - 
MRF904 MRF9011LT1 
MRF905 MR5812 
MRF911 MRF571 
MRF914 MRF571 
MRF931 MRF9331LT1 
MRF942 MRF941 
MRF952 MRF951 
MRF961 MRF951 
MRF962 MRF951 
MRF965 BFRO6 
MRF966 

MRFC2369 

MRFC521 

MRFC544 

MRFC545 

MRFC559 


NOT 
RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER 


MRFC572 
MRFC581 

MRFC581A 

MRFC901 

MRFC904 

MRFC941 

MRFC951 

MRFC966 

MRFQi19 

MRW2001F 

MRW2003F 

MRW2005F 

MRW2010F 

MRW2015 

MRW2015F 

MRW2020 

MRW2020F 

MRW2301 

MRW2301F 

MRW2304 

MRW2304F 

MRW2307 

MRW2307F 

MRW3001F MRW3001 
MRW3003F MRW3003 
MRW3005F MRW3005 
MRW52001 — 
MRW52101 = 
MRW52102 MRW52602 
MRW52104 MRW52604 
MRW52201 —_ 
MRW52202 MRW52602 
MRW52204 MRW52604 
MRW52401. = 
MRW52402 MRW52602 
MRW52501 = 
MRW52502 MRW52602 
MRW52504 

MRW52601 

MRW53001 

MRW53101 MRW53601 
MRW53102 _ 
MRW53201 MRF53601 
MRW53202 = 
MRW53401 MRW53601 
MRW53402 MRW53502 
MRW53501 

MRW53505 

MRW53602 

MRW53605 

MRW54101 

MRW54201 

MRW54501 

MRW54602 

MWA0204 

MWA0211L 

MWA0270 

MWA0304 


NOT 
RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER 


MWA0311 
MWAO0311L 
MWA0370 

MWA110 

MWA120 

MWA130 

MWA131 

MWA210 

MWA220 

MWA230 

MWA310 

MWA320 

MWA330 

MX20-1 MHW720A1 
MX20-2 MHW720A2 
PAA0105-29-6L 
PAA0105-45-25L 
PAA0105-50-50LAS 
PAA0200-34-1.5L 
PAA0200-34-3.1L 
PAA0450-33-0.4L 
PAA0S00-17-1.0L 
PAA0500-17-2.0L 
PAA0500-35-1.0L 
PAA0510-25-6L 
PAA0810-24-5L. 
PAA0810-31-25L 
PAA0810-32-10L. 
PAA0810-38-100AB 
PAA0810-38-5LAS 
PAA0810-40-50L 
PAA0810-40-SOLAM 
PAA0810-52-100AB 
PAA0810-52-100AM 
PAA0810-54-50LAS 
PAA0810-54-50LSM 
PAA1000-14-0.6L 
PAA1000-14-1.3L 
PAA1000-30-0.6L 
PAA1000-42-5L 
PAA225-42-10L 
PAM0105-29-6L 
PAM0105-6-50L 
PAM0105-7-25L 
PAM0510-25-6L 
PAM0810-24-3L 
PAM0810-24-5LA 
PAM0810-6-50L 
PAM0810-7-25L 
PAM0810-8-10L 
PAM225-42-10LA 
PT4572A 

PT4579 

PT9701B 

PT9702 

PT9702B 

PT9703 

PT9703B 
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Table 1. Not Recommended for New Design Products (continued) 


‘NOT 
RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER 


NOT NOT 
RECOMMENDED | RECOMMENDED RECOMMENDED | RECOMMENDED 
FOR NEW DESIGN | REPLACEMENT FOR NEW DESIGN | REPLACEMENT 


PART NUMBER PART NUMBER PART NUMBER PART NUMBER 


SHP02-36-20 
SHPO5-20-10 
SHP05-22-04 
SHP05-34-04 
SHP06-18-04 
SHP10-15-08 
SHP10-15-08-15 
SHP10-17-04 
SHP10-17-04-15 





TPVS95A 


TPV5055B 
TPV598 
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RF Power MOSFETs 


Motorola RF Power MOSFETs are constructed using a planar process to enhance manufacturing repeatability. They are N-channel 
field effect transistors with an oxide insulated gate which controls vertical current flow. 

Compared with bipolar transistors, RF Power FETs exhibit higher gain, higher input impedance, enhanced thermal stability and 
lower noise. The FETs listed in this section are specified for operation in RF Power Amplifiers and are grouped by frequency range 
of operation and type of application. Arrangement within each group is first by order of voltage then by increasing output power. 


Table 2. To 150 MHz HF/SSB 
For military and commercial HF/SSB fixed, mobile, and marine transmitters. 





Pin Gps 
Pout Input Power Typical 
Output Power Typical Gain dB @ dg 44 
Watts Watts 30 MHz dB dB Package/Style 
Vpbp = 28 Volts 


MRF138 0.6 17 10 15 211-07/2 
MRF140 4.7 15 -60 06 211-11/2 


Vpp = 50 Volts 





MRF148 
MRF150 
MRF154 
MRF157 


211-07/2 
211-11/2 
368/2 
368/2 
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Table 3. To 225 MHz VHF AM/FM 
For VHF military and commercial aircraft radio transmitters. 
Pin 
Pout Input Power 
Output Power Typical Gps (Typ)/Freq. 


Watts dB/MHz Package/Style 





Vpp = 28 Volts 


MRF134 211-07/2 
MRF136 211-07/2 
MRF166 . 5. 211-07/2 
MRF136Y F 4 319B/1 
MRF 137 211-07/2 
MRF 171 ° 211-07/2 
MRF173 211-11/2 
MRF173CQ : A 316-01/2 
MRF175LV . 333/1 
MRF174 211-11/2 
MRF141 Kl 211-11/2 
MRF175GV i 375/2 
MRF141G . 375/2 


Vpp = 50 Volts 


MRF151 . 13/175 id 211-11/2 
MRF176GV 17/225 . 375/2 


MRF151G . 16/175 . 375/2 





Devices listed in bold, italic are Motorola preferred devices. 
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RF Power MOSFETs 


Table 4. To 500 MHz UHF AM/FM 
For VHF/UHF military and commercial aircraft radio transmitters. 


Pin 
Pout Input Power nN 
Output Power Typical Gps (Typ)/Freq. Eff., Typ 
dB/MHz % Package/Style 






Vpp = 28 Volts 


MRF158 
MRF158R 
MRF161 
MRF162 
MRF166C 
MRF164W 





MRF163 
MRF175LU 
MRF175GU 
MRF177 
MRF177M 


Vpp = 50 Volts , 





Table 5. To 520 MHz 
Designed for broadband & UHF commercial and industrial applications. The high gain and broadband performance of these 
devices make them ideal for large-signal, common-source amplifier applications in 12.5 volt mobile and base station 
operation. 
Pout Pin(Max) GpE (Min)/Freq. 
Output Power Input Power Power Gain 
Watts dB/MHz Package/Style 


Vcc = 12.5 Volts 


MRF5003x . 10.5/512 430/2 
MRF5015* i 11.5/512 319/3 
MRF5035« . 7.5/512 316-01/1 





Table 6. To 1.0 GHz 
For HF/VHF/UHF military and commercial radio transmitters. 


Pin 
Pout Input Power n 
Output Power Typical Gps (Typ)/Freq. Eff., Typ 
Watts Watts dB/MHz %. Package/Style 





Vpp = 28 Volts 


MRF182* 13/1000 ; 2.1 360B/1 
MRF183* 12/1000 15 360B/1 


*New Product 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Power Bipolar Transistors 


Motorola’s broad line of bipolar RF power transistors are characterized for operation in RF power amplifiers. Typical applications 
are in military and commercial landmobile, avionics and marine radio transmitters. Groupings are by frequency band and type of 
application. Within each group, the arrangement of devices is by major supply voltage rating, then in the order of increasing output 
power. All devices are NPN polarity except where otherwise noted. 


HF Transistors 


Table 7. 1.5 - 30 MHz, HF/SSB 


Designed for broadband operation, these devices feature specified Intermodulation Distortion at rated power output. 
Applications include mobile, marine, fixed station, and amateur HF/SSB equipment, operating from 12.5, 13.6, 28, or 50 volt 
supplies. 





Pout Pin(Max) GpeE (Min) 
a Power ee Power Gain . oy MHz 
Device Package/Style 


Vcc = 12.5 or 13.6 Volts 


junrazy | toorercw | to | tft 


Vcc = 28 Volts 
MRF426 25 PEP/CW 5 . 211-07/1 





MRF464 80PEP/CW | : 211-11/1 
MRF422 150 PEP/CW . 211-11/1 


Voc = 50 Volts 


MRF429 150 PEP/CW 75 0.8 211-11/1 
MRF448 250 PEP/CW 15.7 0.6 211-11/1 





Table 8. 14 — 30 MHz, CB/Amateur Band 
These HF transistors are designed for economical, high-volume use in CW, AM and SSB applications. 
Voc = 12.5 or 13.6 Volts 


MRF455 60 13 1 211-07/1 
MRF454 80 12 0.7 211-11/1 


Table 9. 27 — 50 MHz, Low-Band FM Band 
For use in the FM “Low-Band,” for Mobile communications. 


Pout Pin(Max) Gpe (Min) 


Output Power Input Power Gain @ 50 MHz 
Watts Watts dB Package/Style 





Voc = 12.5 or 13.6 Volts 


lure dT CT ew CUT Cn 
VHF Transistors 


Table 10. 30 — 200 MHz Band 


Designed for Military Radio and Commercial Aircraft VHF bands, these 28-volt devices include the all-gold metallized 
MRF314/15/16/17 high-reliability series. 





Pout Pin(Max) GpE (Min)/Freq. 
Output Power Input Power Power Gain 
Watts Watts dB/MHz Package/Style 


Vcc = 28 Volts 


MRF314 10/150 A 211-07/1 
MRF315 i 9/150 A 211-07/1 


MRF316(2) 10/150 . 316-01/1 
MRF317(2) : 9/150 k 316-01/1 
(2)internal Impedance Matched 





Devices listed in bold, italic are Motorola preferred devices. 
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RF Power Bipolar Transistors 
VHF Transistors (continued) 


Table 11. 136 — 174 MHz High Band 


The “workhorse” VHF FM High-Band is served by Motorola with the broadest range of devices and package combinations 


in the industry. 


Pout 
Output Power Input Power 


Vcc = 12.5 Volts 


MRF4427 
MRF553 
MRF2628 
MRF1946 
MRF1946A 
MRF224 
MRF240 
mMRF247(2) 


UHF Transistors 
Table 12. 100 — 400 MHz Band 


Gain @ 175 MHz 





Package/Style 


751/11 
317D/2 
244/1 
211-07/1 
145A-09/1 
211-07/1 
145A-09/1 
316-01/1 


Stringent requirements of the UHF Military band are met by MRF325, 326, 327, 329 and 2N6439 types, with all-gold metal 
systems, specified ruggedness and programmed wirebond construction, to assure consistent input impedances for internally 


matched parts. 


Pout 


Output Power Input Power 


Vcc = 28 Volts 


Table 13. 100 — 500 MHz Band 


Gain @ 400 MHz 





Package/Style 


316-01/1 
316-01/1 
316-01/1 


Similar to the 100-400 MHz transistors, these devices have bandwidth capabilities allowing their use to 500 MHz. All have 
nitride passivated die, gold metal systems, specified ruggedness and controlled wirebond construction to meet the een 


requirements of military space applications. 


Gpe (Min)/Freq. 


rma Package/Style 





Pout Pin(Max) 
pa Power pit ass 


Vcc = 28 Volts 





(1)Reja. Thermal Resistance. Junction to Ambient. 

(2)Internal Impedance Matched 

(3)Internal Impedance Matched Push-Pull Transistors 
(19)Typical 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Power Bipolar Transistors 


UHF Transistors (continued) 


Table 14. 400 — 512 MHz Band 

Higher power output devices in this UHF power transistor series feature internally input-matched construction, are designed 
for broadband operation, and have guaranteed ruggedness under output mismatch and RF overdrive conditions. Devices 
are specified for handheld, mobile and base station operation. 


GpE (Min)/Freq. 
Power Gain 
dB/MHz 


317/2 
317D/2 
244/41 
249/41 
244s 
249/1 
316-01/1 
244i 
316-01/1 
316-01/1 
316-01/1 





(2)internal impedance Matched 
(4)Smail signal gain. Py is Typ. 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Power Bipolar Transistors 


900 MHz Transistors 


Table 15. 806 — 960 MHz Band : 

Designed specifically for the 900 MHz mobile radio band, types MRF840 through MRF847 offer superior gain and 
ruggedness, using the unique CS-12 package, which minimizes common-element impedance, and thus maximizes gain and 
stability. Devices are listed for mobile and base station applications. 












GpeE (Min)/Freq. 
Power Gain 
dB/MHz 


Pin(Max) 
Input Power 








Package/Style 











MRF559(5) 8/870 























mrss (5) 10(19)/870 
8/870 
8/870 
8/870. 
8/870 
MRF840(2)(6) 6/870 
MRF842(2)(6) 6/870 
MRF844(2)(6) 5.2/870 









mprFe47(2)(6) _ 4,5/870 


Pout Pin(Max) Gp (Min)/Freq. 
Output Power Input Power Power Gain 
Watts Watts dB/MHz 


Vcc = 24 Volts — Si Bipolar 





mRFsg9(3) 





(2)Internal Impedance Matched 
(3)internal Impedance Matched Push-Pull Transistors 
(5)Common Emitter Configuration 
(6)Common Base Configuration 
(19)Typical 
*New Product 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Power Bipolar Transistors 


1.5 GHz Transistors 
Table 16. 1400 — 1600 MHz Band 


Pout Pin(Max) Gp (Min)/Freq. 
Output Power genin Power Power Gain 
eal Class dB/MHz Package/Style 
| A, AB 9/1490 1.4 395C/1 
| A, AB 7.5/1490 0.7 375A/1 


Microwave Transistors 


Table 17. L-Band Pulse Power 

These products are designed to operate in short pulse width, 10 1s, low duty cycle, 1%, power amplifiers operating in the 
960-1215 MHz band. All devices have internal impedance matching. The prime application is avionics equipment for 
distance measuring (DME), area navigation (TACAN) and interrogation (IFF). 


Pout Pin(Max) Gp (Min) 
| Output Power Input Power Gain @ Phi MHz 
Device Watts Watts 


Vcc = 18 Volts — Class A & AB Common Emitter 


MRF1000MA 0.02 
MRF1000MB 0.02 
Vcc = 35 Volts — Class B & C Common Base 


MRF1002MA 
MRF1002MB 
MRF1004MA 
MRF1004MB, 











MRF1015MA 
MRF1015MB 
MRF1035MA 
MRF1035MB 
MRF1090MA 
MRF1090MB 
MRF1150MA 
MRF1150MB 





Table 18. L-Band Long Pulse Power 
These products are designed for pulse power amplifier applications in the 960-1215 MHz frequency range. They are 
capable of handling up to 10 us pulses in long pulse trains resulting in up to a 50% duty cycle over a 3.5 millisecond interval. 
Overall duty cycle is limited to 25% maximum. The primary applications for devices of this type are military systems, 

’ specifically JTIDS and commercial systems, specifically Mode S. Package types are hermetic. 


Pout Pin(Max) Gpp (Min) 
keri Power Input Power Gain @ 2 MHz 
Device Watts Package/Style 





Vcc = 28 Volts — Class C Common Base 


Vcc = 36 Volts — Class C Common Base 


MRF10031 30 376B/1 
MRF10120 120 355C/1 


*New Product 


Devices listed in bold, italic are Motorola preferred devices. 





SELECTOR GUIDE MOTOROLA RF DEVICE DATA 
1-12 


RF Power Bipolar Transistors 


Microwave Transistors (continued) 


Table 18. L-Band Long Pulse Power (continued) 





Pout Pin(Max) Gpp (Min) 
Output Power sett Power Gain @ a MHz 
Watts Package/Sty! 


376C/1 
376B/1 
355E/1 
355D/1 
355G/1 
355G/1 


Vcc = 50 Volts 





Table 19. 2 GHz Narrowband CW 


The MRW2000 Series of NPN Silicon microwave power transistors are designed for common base service in amplifier or 
oscillator applications in the 1—2.3 GHz frequency range. 


Pout Pin(Max) Gpp (Min) 
Output Power Input Power Gain @ 2 GHz 
Device Watts Watts dB Package/Style 


Vcc = 28 Volts — Class B & C Common Base 








Table 20. 3 GHz Narrowband CW 


The MRW3000 Series are the industry's first 100% VSWR tolerant 3 one devices. They are common-base configured in 
hermetic packages and rated for 28 volt operation. 


Pin(Max) Gpp (Min) 
output Power gyri Power Gain a ts 0 GHz 
Device Package/Sty 


Vcc = 28 Volts 








Table 21. 0.6 — 2.7 GHz Broadband Common Base 


The MicRoAmp transistor employs MOS capacitors and other matching elements to transform the input, and in some 
devices, the output impedance, to a more manageable level prior to the point where package parasitics can reduce the 
bandwidth capability (U.S. Patent 3,713,006). These devices are assembled in common-base configuration and include an 
all-gold metal system and diffused ballast resistors for long life. 


Instantaneous 
Frequency 
Range 
FL-FH (MHz) 





Vcc = 22 Volts 


MRAL1720-20 ‘roo-2000 | oe 


MRAL2023-3 2000-2300 8 
MRAL2023-6 2000-2300 6.8 
MRAL2023-18 2000-2300 6.5 





394/1 

394/1 

MRAL2327-3 2300 - 2700 6.6 394/1 

MRAL2327-12 2300-2700 7 394/1 
Vcc = 28 Volts 


(typical @ 1090 MHz 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Power Bipolar Transistors 


Microwave Transistors (continued) 


Table 22. Power Oscillator 


This oscillator device, a common collector configuration with diffused ballast resistors, gold metallization and hermetic 
package, provides high reliability in severe environmental conditions and is fully characterized for power oscillator 
applications. 


Operating Output Power (Typ) — Watts/@ Freq. — GHz 


Conditions 
Vcelic 
Device VimA Po @ Lowf Po @ Midf Po @ Highf | Package/Style 


TP62601 20/220 1.25/2 1.85/2 1.35/2.5 328A-03/5 





Linear Transistors 


The following sections describe a wide variety of devices specifically characterized for linear amplification. Included are medium 
power and high power parts covering frequencies from 100 MHz—4 GHz. 


Table 23. To 1 GHz, Class A 


These devices offer a selection of performance and price for linear amplification to 1 GHz. The “MRA” prefix parts are input 
matched and feature high overdrive and extreme ruggedness capability. 





Po @1dB Gss (Min)/Freq. Bias 
Comp. Point Smail Signal Gain Point 
Device Watts dB/MHz (Vdc/A) Package/Style 


Vcc = 19 Volts 


MRA1000-7L 7 9/1000 19/1.2 4 145A-09/1 
MRA1000-14L 14 8/1000 19/2.4 2.1 145A-09/1 
Vcc = 25 Volts 


MRF1029(9) ; 8/1000 
MRF1030(9) 7.5/1000 
MRF1031(9) 7/1000 
MRF1032(9) 6.5/1000 





Table 24. To 2 GHz, Class A 
These parts offer low cost alternatives to matched devices used primarily as pre-drivers to 2 GHz. 


Py @1dB Gs (Min)/Freq. 


Comp. Point Small Signal Gain 
Watts dB/MHz 





Vcc = 20 Volts 


10.5/2000 20/0.12 
10.5/2000 20/0.12 305A/1 
9/2000 20/0.12 328A-03/1 


9/2000 20/0.12 305A/1 
9/2000 20/0.24 328A-03/1 
9/2000 20/0.24 305A/1 
7/2000 19/0.6 360A/1 





(9)Former Prefix was “RF” 
(10)Former prefix was “MRA.” 


Devices listed in bold, italic are Motorola preferred devices. 
Se I Cr eR eC eT 
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RF Power Bipolar Transistors 


Linear Transistors (continued) 


Table 25. UHF Ultra Linear For TV Applications 


The following devices have been characterized for ultra-linear applications such as low-power TV transmitters in Band IV and 
Band V. Each features diffused ballast resistors and an all-gold metal system to provide enhanced reliability and ruggedness. 


Gp (Min)/Freq. 3 Tone 
Preg(Min) Small Signal Gain bars 
Device Watts dB/MHz Package/Style 


Vcc = 20 Volts 







25 
20/35(11) 


400(11) 
150(11) 


Table 26. Microwave Linear For PCN Applications 
The following devices have been developed for linear amplifiers in the 1.5—2 GHz region and have characteristics 
particularly suitable for PCN base station applications. 


Package/Style 


MRF6401(12) x 


MRF6402(13) x 
MRF6406(14) « 
MRF6403(15) * 
MRF6404(16) « 





Table 27. Microwave Linear Power 
Common emitter microwave devices are offered for a wide variety of uses in small and medium signal, Class A, AB and 
C applications up to 4 GHz. The use of all-gold metal systems, diffused ballast resistors and hermetic packaging results 
in devices that display excellent reliability even in a military environment. 

Ggg (Min) @ Freq. 

Small Signal Gain 





VppD = 20 Volts 

MRW52602 3.6 a 328A-03/1 
MRW52604 7.2 328A-03/1 
MRW53502 1.6 401/1 
MRW53601 0.8 328A-03/1 
MRW54001 0. ee is | 400/1 
MRW54601 0.8 120 328A-03/1 


(vision Carrier. - 8 dB; Sound Carrier:— 7 dB; Sideband Carrier: - 16 dB 
(11)Output power at 1 dB compression in Class AB 
(12)Formerly known as “TP4001S” 
(13)Formerly known as “TP4004” 
(14)Formerly known as “TP4012” 
(15)Formerly known as “TP4025” 
(16) Formerly known as “TP4035” 
*New Product 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Small Signal Bipolar Transistors 


RF Small Signal Transistor 
Gain Characteristics 


Curve numbers apply to transistors 
listed in the subsequent tables. 


Selection by Package 


In small-signal RF applications, the package style is often 
determined by the end application or circuit construction 
technique. To aid the circuit designer in device selection, the 
Motorola broad range of RF small-signal amplifier transistors 
is organized by package. Devices for other applications such 
as oscillators or switches are shown in the appropriate 
preceding tables. These devices are NPN polarity unless 
otherwise designated. 


Plastic SOE Case 


Table 28. Plastic SOE Case 
| Gain-Bandwidth | 
NF @ f 


Typ 


MHz 


(17)PNP 
(29)Packaging Options Available in Tape and Reel and Fan Fold Box 


Devices listed in bold, italic are Motorola preferred devices. 
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f {GAIN BANDWIDTH PRODUCT (GHz) 
\J 

| \\ i ye h | Le 

yar Aa a 


é 
a 
14 
aa 
- 
a 





oho SENAY 


0.4 1 #25 5 10 15 20 30 50 75 100 150 


a 
= 


Ic, GOLLECTOR CURRENT (mA) 


| Maximum Ratings | | Maximum Ratings | 
Gain @ f 
nz | “(RRYCEO 
pis Package 





MOTOROLA RF DEVICE DAT) ' 


RF Small Signal Bipolar Transistors 


Selection by Package (continued) 
Table 28. Plastic SOE Case (continued) 


Gain-Bandwidth 


Maximum Ratings 














@ 
fT 
Typ V(BR)CEO Pr 
Volts mW Package 





7) 
7) 
MMBR4957LT1(17) 





SIS/EIS/E/2S/SIS/S/5/58)/2/58/5/85 =| 
S| S)2/S/2/3/G) 2/5/85) 5/3/35 /35 15 =| 
BG GB GT S/L2 (Gloss; sx aiasjis a| 
3/2/2i2/S/al2lalaielsia/alaigials 
SSS; S 21g; 8/8 ril=|s 3/8 
FISl/EISI4I | SlElRIEIa/SiSie Pim 
a)S) 4) Gy)ayaya S/S} aja 

>| 3 


PNP 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Small Signal Bipolar Transistors 


Selection by Package (continued) 
Table 28. Plastic SOE Case (continued) 


| Gain-Bandwidth | Maximum Ratings 


NF @ f 


es Typ — 
GHz 1-16 dB MHz 


Case 318A/1 — SOT-143 


fwarseniri) | 42 [0] — [ee [wo] n [wo] 0 [7 
fwarsosnrs 5 | 1 | — | 25 | wooo | ves | 100 | 6 
[warcoveri [a6 [1 | i | 29 | wooo | vo2 | 100 | 15 
Ca 
fweroaviurs |e [5 | — [21 | am | os | 

Ce 
furroancr; [ss 

meron — fs [|e | ve Pm [es from [|e | a 


MRF947T1 
MRF947BT1 








Case 751/1 — SO-8 


pa 
Reces 
Pe fe 
iad 
Eg 
Lee 
ea 
rea 





Ceramic SOE Case 
Table 29. Ceramic SOE Case 


Gain-Bandwidth | Maximum Ratings | | Maximum Ratings | 
@ : 
fr : 
Typ Ic P Wenyeo 
GHz mA - Package 





(17)PNP 
(18)Tape and Reel Packaging Options Available 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Small Signal Bipolar Transistors 


Selection by Application 


Table 30. Low Noise 


The Small-Signal devices listed are designed for low noise and high gain amplifier mixer, and multiplier applications. Each 
transistor type is available in various packages. Polarity is NPN unless otherwise noted. 


Case Curve Number (See figure below) 


Pp os | s&s 
MRF957T1 (20) 
j= forme] = 


























MRF9411LT1 MRFS5741L71 
MRF9511LT1(20) | MRFS211LT1 | egoy4i74(17) 





(20)Higher Current Version 


Gye. ASSOCIATED GAIN (dB) 


or MD OL OD 
NF, NOISE FIGURE (dB) 





02 #03 05 


f, FREQUENCY (GHz) 
Gain and Noise Figure versus Frequency 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Small Signal Bipolar Transistors 


Selection by Application (continued) 
Table 31. CATV, MATV and Class A Linear 


For Class A linear CATV/MATV applications. Listed according to increasing gain bandwidth (fT). 
~ | Output 
Level V(BR)CEO Package/ 
dBmv Vv Style 


Nominal Test 
Conditions 
Vcelic Typ/Freq. 
Device dB/MHz 















Table 32. UHF and Microwave Oscillators 
The transistors listed below are for UHF and microwave oscillator applications as initial signal sources or as output stages of 


limited range transmitters. Devices are listed in order of increasing output power. 





Devices listed in bold, italic are Motorola preferred devices. 
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RF Integrated Circuits 
The MRFIC2001 through MRFIC2006 device series is Motorola’s first introduction of an integrated solution for the personal 


communications market. Although designed as a chip set solution for CT2, the partitioning of the functions makes the use of these 
devices ideal in other 900 MHz personal communications systems such as cordless telephone (915 MHz), GSM, and ISM designs. 


To 1.0 GHz 


Supply Volt. Supply Output Level, 


Range Current 1 dB Comp. 
Vv mA (Typ) dBm (Typ) 





Table 33. Down Converter 


IF Freq. Supply Volt. Supply Conv. Output Level, 
Range Range Current Gain 1 dB Comp. 
MHz Vv mA (Typ) dB (Typ) dBm (Typ) | Package 
Table 34. Upmixer 














Insertion Loss Isolation 
Supply Voit. Supply Recommended | Port RF1 to RF2 | Port RF1 to RF2 
Range Current Input Power JRF1 to RF3 JRF1 to RF3 
Vv nA (Typ) dBm dB (Typ) dB (Typ) Package 





Table 35. Antenna Switch 


MRFIC2003x(18) | 100-1000 | 2.8-6.0 0.8/0.5 23/20 





Supply 
Supply Volt. Current Small Signal Gain Pout, 1 dB 
Range TX/RX Gain Control Compression 
Vv mA (Typ) dB (Typ) dB (Typ) dBm (Typ) Package 





Table 36. Driver and Ramp 


MRFIC2004«(18) | go0-1000 | 2.7-4.0 wo7 | as | 3 | -1 | 751B 





Freq. Supply Volt. Supply Small Signal Return Loss Pout 1 dB 


Range Range Current Gain Input/Output Compression 
MHz Vv MA (Typ) dB (Typ) dB (Typ) dBm (Typ) Package 


Table 37. Integrated Power Amplifier 








(18)Tape and Reel Packaging Options Available 
*New Product 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Amplifiers 
High Power 


Complete amplifiers with 50 ohm in/out impedances are available for a variety of applications including land mobile radios, base 
stations, TV transmitters and other uses requiring large-signal amplification, both linear and Class C. Frequencies covered range 
from 68—950 MHz with power levels extending to 180 watts. 


Land Mobile/Portable 


The advantages of small size, reproducibility and overall lower cost become more pronounced with increasing frequency of 
operation. These amplifiers offer a wide range in power levels and gain, with guaranteed performance specifications for bandwidth, 


stability and ruggedness. 


Table 1. VHF/UHF, Class C 







Pout Pin 
Output Power Input Power 
Device Watts Watts 


68-210 MHz, VHF Band — Class C (Silicon Bipolar Die) 


MHW704 
MHW707-1 
MHW707-2 
MHW707-3 
MHW707-4 
MHW720A1 (22) 
MHWw720A2(22) 
MHW720A3 


MHW851-1 
MHW851-2 
MHW851-3 
MHW851-4 
MHW803-1 
MHW803-2 
MHW803-3 
MHW804-1 
MHWws04-2 
MHws06Ai(22) 
MHWws06A2(22) 
MHWws06A3(22) 
MHws06A4(22) 
MHWws12A3(22) 


MHw9002-1 (22) 
MHw9002-2(22) 
MHw9002-3(22) 
MHw9002-4 (22) 


(22)Designed for Wide Range Poyt Level Control 
(23)Py @ f = 490 MHz. Po = 6.5 W @ f= 512 MHz 


Devices listed in bold, italic are Motorola preferred devices. 
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68-88 
136-150 
146-174 
174-195 
184-210 


820-850 
870-905 
890-915 
915-925 
820-850 
806-870 
870-905 
800-870 
896-940 
820-850 
806-870 
890-915 
870-950 
890-915 





Power Gain, Min | Supply Voltage 


Vcc 





Package/Style 


301J/1 
301J/1 
301J/1 
301J/1 
3010/1 
700/1 
700/1 
700/1 


SO1N/1 
301N/1 
301N/1 
301N/1 
301E/1 
301E/1 
301E/1 
301F/1 
301F/1 
301H/2 
301H/2 
301H/2 
301H/2 
301H/2 
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RF Amplifiers 
High Power: Land Mobile/Portable (continued) 


Table 2. UHF, Linear 


Pout Pin 
Output Power Input Power 
Watts Watts 


824-849 
824-849 


MHws903(22) : . 890-915 ; 

MHWw953(22) . . 890-915 : : 301V/1 
MHWw954(22) 2 : 890-915 F 301Y/1 
MHWwe09(22) ; 890-915 ; : 301T/ 
muHw912(22) . 890-915 F i 301R/1 
mHw914(22) : 890-915 F ; 301R/1 
MHwo915(22) . 890-915 : 301T/1 
MHw932(22) ; 890-915 301S/1 





TV Transmitters 


Table 3. VHF Ultra Linear for TV Applications 
These amplifiers are characterized for ultra-linear applications in Band !V and Band V TV transmitters. 


Gp (Min)/Freq. | 3 Tone(8) 3 Tone(25) 
Frequency Pref Power Gain IMD 1 IMD 2 Vcc 
MHz Watts dB/MHz dB dB Volts Package/Style 
20 . 


ATV6031 470-860 10.5/860 


MRFA2600(26) x 470-860 20 10.5/860 
ATV6060 470-860 40 9/860 
MRFA2602(28) 5, 470-860 40 9/860 
RFA8090Bx 470-860 96(11) 8/860 
RFA8180Bx 470-860 180(11) 8/860 





(8)vision Carrier: - 8 dB; Sound Carrier:—7 dB; Sideband Carrier: — 16 dB 
(11) Output power at 1 dB compression in Class AB 
(22)Designed for Wide Range Poyt Level Control 
(24)Average Power; Peak Power is twice average power 
(25)vision Carrier: - 8 dB; Sound Carrier: - 10 dB; Sideband Carrier: - 16 dB 
(26)Formerly known as “RFA6031” 
(28)Formerly known as “RFA6060” 
*New Product 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Amplifiers 


Low Power 


The following categories describe a wide range of complete amplifier assemblies both hybrid and monolithic for use in CATV 
distribution systems, instrumentation, communications and military equipment. A variety of power levels and frequencies of 
operation.is offered for many applications. 


CATV Distribution 


Motorola Hybrids are manufactured using fourth generation technology which has set new standards for CATV system 
performance and reliability. These hybrids have been optimized to provide premium performance in all CATV systems up to 152 
channels. 


Table 4. 5-200 MHz Hybrids 





Maximum Distortion Specifications 

















Composite Cross Noise 

Triple Beat Modulation Figure 

@ 175 
MHz 







Hybrid Channel 
Gain Loading 
(Nominal) | Capacity 










Table 5. 40—450 MHz Hybrids 








Noise 
Composite Cross Figure 
Triple Beat Modulation 






















Hybrid 
Gain 
(Nominal) 


Channel 
Loading 
Capacity 










2nd Order 





Conventional Hybrids 



























714/41 

~74(31) 714/1 
~74(31) 714/1 
-72(31) 714/41 
~62(31)(82) 714/41 
-72(31) T7141 
-72(31) 714/41 
-72(31) T14/1 
~70(31) T1441 





-65 714F/1 





Power Doubling Hybrids 


MHW5185B* 
MHW5205 
MHW5225 


Feedforward Hybrids 








were | | @ [+ | 0080 ee 


(19) Typical 

(30)Channels 2 and A @ 7 

(31)Channels 2 and M13 @ M22 

(32)Composite 2nd order; Voyt = +46 dBmV/ch 

(33)Composite 2nd order IMD, 60 channel flat 

(34)Maximum 

(44)Hi-Slope Trunk Amplifier..The specified gain is at 450 MHz. 
%* New Product 


Devices listed in bold, italic are Motorola preferred devices. 
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RF Amplifiers 
Low Power: CATV Distribution (continued) 


Table 6. 40-550 MHz Hybrids 









Maximum Distortion Specifications 


Composite Cross 
Triple Beat Modulation 
dB dB 


Conventional Hybrids 


MHW6122 
MHW6142 
MHW6172 
MHW6182 
MHW6183 
MHW6222 
MHW6272 
MHW6342 


Power Doubling Hybrids 


MHW6185B* 18 7 +44 ~65(36) -65 6 7141 1 
MHW6185-6x 18 87 +44 -60(36) -62 5(34) 714/11 
Feedforward Hybrids 


[urrzoes |_| 7 | | 80) | se [| mo [| 1) | wasn | 


Table 7. 40-600 MHz Hybrids 

















Maximum Distortion Specifications 


Output 2nd Composite Cross 
Level Order Triple Beat Modulation 
Test 
dB dB 
a | sch | sCH 


dBmv 











Feedforward Hybrids 
Conventional Hybrids(37) 
Power Doubling Hybrids(37) 


[urrsoa |__| os | [0] -m | -e | 105 | wosmn | 


(34) Maximum 
(35)Channels 2 and M30 @ M39 
(36)Composite 2nd order; Voyt = +44 dBmV/ch 
(87)600 MHz versions of the Conventional and Power Doubling Hybrids are available upon request. Please consult factory. 
(38)Channels 2 and M39 @ M48 
*New Product 


















Devices listed in bold, italic are Motorola preferred devices. 
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RF Amplifiers 
Low Power: CATV Distribution (continued) 


Table 8. 40-750 MHz Hybrids 
Maximum Distortion Specifications 


Output 2nd Composite Cross 
eel Order Triple Beat Modulation 
Test 


dBmv 





Conventional Hybrids 


[mwrieax [ve [no | wm [-e@[-e@ [| -# | ss | 7m] 


Table 9. 40—860 MHz Hybrids 





2nd Order DIN45004B 
IMD @ f-860 MHz 


@ Vout = 
50 dBMV/ch 





Conventional Hybrids 


CA901 17 40 — 860 24 -60 8 714P/2 
CA901A 17 40 — 860 24 -64 8 714P/2 


Power Doubling Hybrids 





Hybrid | Channel Cross Composite 
Gain Loading ord Modulation Triple Beat 


(Nom.) Capacity 


dB 


Conventional Hybrids 


MHW8182* 18 128 +38 | —60(40) 714/41 
MHW9182« 18 152 +38 | —59(40) 714/1 
(39)Composite 2nd order; Vout = +40 dBmV/ch 


(40)Composite 2nd Order; Voyt = +38 dBmVich 
New Product 








Devices listed in bold, italic are Motorola preferred devices. 
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RF Amplifiers 


Low Power: CATV Distribution (continued) 


Table 11. Standard Linear Hybrids 


The CA series of RF linear hybrid amplifiers consists of a family of medium power, broadband gain blocks in the CATV industry 
standard “CA” package. These amplifiers were designed for multi-purpose RF applications where linearity, dynamic range and 
wide bandwidth are of primary concern. Each amplifier is available in various package options. Eleven parts are available as 
indicated in a low profile package. Arrangement within the group is in order of increasing maximum frequency. 


Gain 
Flatness | Gain/Freq. . . VSWR Vs/is 
Typ Typ Max Typ Case/ 
dB/MHz 50 O/75Q VimA Style 


CA2850CR : 17.5/100 
CA2875CR i 17.5/100 
CA2830C F 34.5/100 
CA2832C E 35.5/100 
CA2833C F 34.5/100 
CA2842C . 22/100 

CA2810C i 34/50 

CA2818C . 18.5/50 





CA2870C 34/100 


CA2851CR : 17.5/100 
ca4sooc (41) 17.5/1000 

ca4si2c(41) 17.5/1000 

ca4e15c(41) 17.5/1000 

cassooc (41) 15.5/1000 

casso1(41) 17.5/1000 

cas815c(41) 15.5/1000 

ca4go0(41) 17.5/1000 

cA4912(41) 17.5/1000 

cA4915(41) 17.5/1000 

casg900(41) 15.5/1000 

cCA5915(41) 15.5/1000 8.5/1200 | 40.5/1000 


(41)available in thin flange package (714T) by adding suffix “S” after part number, ie. CA4800CS. 





Devices listed in bold, italic are Motorola preferred devices. 
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RF Amplifiers 


Low Power (continued) 


CRT Drivers 


Table 12. Video Amplifiers 

These complete hybrid amplifiers are specifically designed for CRT driver applications requiring high frequency response and 
high voltage, such as high resolution color graphics video monitors. Gold metallized die and substrates are used to insure high 
reliability and improved ruggedness. 


nom in (42: tel 
Voc (nom) Gain(42) Vout (Max) 
Device Volts VN Volts Package/Style 
60 5 


6 to 20 pF 
6 to 20 pF 
6 to 20 pF 
6 to 20 pF 
6 to 20 pF 
6 to 20 pF 
6 to 20 pF 
6 to 20 pF 





(42)insertion Gain; 50 Ohm Source 
(43)Capacitive Load 8.5 pF, Voyt = 40 V P-P 
New Product 


Devices listed in bold, italic are Motorola preferred devices. 
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Discrete Transistor 
Data Sheets 2 | 
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MOTOROLA 


i SEMICONDUCTOR cles Cents hi wR ee ee 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


. .. designed primarily for wideband large-signal output amplifier stages in the 





225 to 400 MHz frequency range. Sao ena 

e Guaranteed Performance in 225 to 400 MHz Broadband Amplifier @ 28 Vdc BROADBAND RF POWER 
Output Power = 60 Watts over 225 to 400 MHz Band TRANSISTOR 
Minimum Gain = 7.8 dB @ 400 MHz NPN SILICON 

e Built-In Matching Network for Broadband Operation Using Double 
Match Technique 












e¢ 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
e Gold Metallization System for High Reliability Applications 


MAXIMUM RATINGS* 
Rating 






Emitter-Base Voltage ee ee eee 


Total Device Dissipation @ Tc = 25°C (1) 146 Watts 
Derate above 25°C 0.83 wc 
Storage Temperature Range —65 to +200 


THERMAL CHARACTERISTICS 





ELECTRICAL CHARACTERISTICS* (Tc = 25°C unless otherwise noted.) 


[ haracterstio TT Symbot [min [tye [max [nit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 50 mAde, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 50 mAdc, VgE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current ICBO mAdc 
(VcB = 30 Vde, IE = 0) 


NOTE: : (continued) 
1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
amplifiers. 


* Indicates JEDEC Registered Data. 
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ELECTRICAL CHARACTERISTICS* — continued (Tc = 25°C unless otherwise noted.) 


[eharacerate Sambo Tn Te mee TO 


ON CHARACTERISTICS 


DC Current Gain ; hFE 
(Ig = 1.0 Ade, Vog = 5.0 Vde) 


DYNAMIC CHARACTERISTICS. 
Output Capacitance 


(Vcp = 28 Vde, IE = 0, f= 1.0 MHz) 
BROADBAND FUNCTIONAL TESTS (Figure 6) 


Common-Emitter Amplifier Power Gain 7.8 
(Voc = 28 Vde, Pout = 60 W, f = 225-400 MHz) 





Electrical Ruggedness y 
(Pout = 60 W, Voc = 28 Vde, f = 400 MHz, VSWR 30:1 No Degradation in Output Power 
all phase angles) 





NARROW BAND FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 78 10 
(VCC = 28 Vde, Poyt = 60 W, f = 400 MHz) 
Collector Efficiency n %o 
(Vcc = 28 Vde, Pout = 60 W, f = 400 MHz) 


* Indicates JEDEC Registered Data. 









C1 to C4, C11 — 4.0--40 pF 
C5 to C8 — 33 pF 


C9 — 1000 pF 7 vocaaey 
C10 —5.0 nF 

R1i—15Q 

L1, L2 — 3/16” x 1” Copper Strap 

L3— 1.5 pH 

L4—10 pH 


L5 — 1 Turn #16 AWG, 5/16” I.D. 


Figure 1. 400 MHz Test Amplifier (Narrow Band) 
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Gpe, COMMON-EMITTER AMPLIFIER 
POWER GAIN (dB) 


Pout, OUTPUT POWER (WATTS) 


2N6439 
2-4 








NARROW BAND DATA 


Pout, OUTPUT POWER (WATTS) 





4 6 8 10 12 #14 #16 #18 20 
f, FREQUENCY (MHz) Pin, INPUT POWER (WATTS) 


Figure 2. Poyt versus Frequency Figure 3. Output Power versus Input Power 


Pout, OUTPUT POWER (WATTS) 





f, FREQUENCY (MHz) Voc, SUPPLY veigieet (VOLTS) 


Figure 4. Power Gain versus Frequency Figure 5. Output Power versus Supply Voltage 


Pout, OUTPUT POWER (WATTS) 





Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 6. Output Power versus Supply Voltage 


MOTOROLA RF DEVICE DATA | 


Ri 
LJ 
C14 C16 


RFCt © Voc 
+ 
= ul L2 
A Wes xP 
DUT SOELENE JCD 
1 C1 (- 05” 
[SOatNE 
—— hs 
to Ci 
C3 10 
oF C4 
A — 1. v——_ 
Bi Re ci7 | 
C1 — 68 pF RFC1 — Ferrite Bead Choke, Feroxcube VK200 19/4B 
C2, C4, C8, C10 — 27 pF B — Ferroxcube 56-590-65/4B Ferrite Bead 
C3, C5, C11 — 10 pF T1, T2 — 25 Ohms (UT25) Miniature Coaxial Cable, 1 turn 
C6, C7 — 51 pF R1—119,1.0W 
C9 — 1.0-10 pF JOHANSON R2 — 20 Q, 1/4 W 
C12 — 100 pF L1— 10 Turns, #22 AWG, 1/8” 1.D. 
C13, C15 — 680 pF L2— 4 Turns, #16 AWG, 1/4” I.D. 
C14, C16 — 1.0 pF, 35 V Tantalum L3— 6 Turns, #24 AWG, 1/8” I.D. 
C17 — 0.1 uF, ERIE Red Cap L4, L5 — 1” x 0.25” Microstrip Line 


Board Material 0.031” Thick Teflon-Fiberglass 


Figure 7. 225 to 400 MHz Broadband Test Circuit Schematic 


BROADBAND DATA (Circuit, Figure 7) 


Gpg, POWER GAIN (dB) 
EFFICIENCY (%) 





f, FREQUENCY (MHz) {, FREQUENCY (MHz) 
Figure 8. Power Gain versus Frequency Figure 9. Efficiency versus Frequency 
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SST ae eS a 
a oe Re ee ee ee ee 
esi tt pe re 
g aa se ae eS 
id oa Fr a DF ee De 
= ae Pes (oe (a a oe a il 
NECREEEETE eee 
IN SE Zot* = , onjugate of the optimum loa impedance 
atl a ee ee en Greipel tolag wneeatac) 
i Se) EO sd HD 33 
401 
ser seventh (MHz) 
Figure 10. Input VSWR versus Frequency Figure 11. Series Equivalent Input-Output Impedance 
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MOTOROLA 


m= SEMICONDUCTOR SE 
TECHNICAL DATA 


The RF Line 2N6985 
NPN Silicon Push-Pull 
RF Power Transistor 


... designed primarily for wideband large-signal output and driver amplifier 125 W, 30 to 400 MHz 

stages in the 30 to 400 MHz frequency range. CONTROLLED “Q” 

e Specified 28 Volt, 400 MHz Characteristics — BROADBAND PUSH-PULL 
Output Power = 125 W. RF POWER TRANSISTOR 





e Built-In Input Impedance Matching Networks for Broadband Operation 
e Push-Pull Configuration Reduces Even Numbered Harmonics 

e Gold Metallization System for High Reliability 

e 100% Tested for Load Mismatch 


Typical Gain = 10 dB (Class C), 11 dB (Class AB) NPN SILICON 
Coe oe 
3 | 


Efficiency = 55% (Typ) 
| 5 (FLANGE) 


e Hermetic Package to Meet Stringent Environmental Requirements 
| | CASE 382, STYLE 1 





The 2N6985 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement provides the designer with a space saving device capable of operation ina 
push-pull configuration. 


MAXIMUM RATINGS* 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 





THERMAL CHARACTERISTICS 


ee 
Thermal Resistance, Junction to Case Resc p05 CW 


NOTE: 


1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
push-pull amplifiers. 


* Indicates JEDEC Registered Data. 
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ELECTRICAL CHARACTERISTICS* (Tc = 25°C unless otherwise noted.) 


[erect] Synmot_ [we] [ro] 

OFF CHARACTERISTICS (1) 

|_Collector-Emitter Breakdown Voltage (ic =50mAdc,Ig=0) «| Veryceo| 390 | — | — [vac | 

lveryces| 60 | — | — | voc | 
Emitter-Base Breakdown Voltage (Ip = 5.0 mAdc, Ic = 0) lvereso| 40. [| — | — | va | 

| icc | — | — |{ 50 |[ mac | 


'cBo. 
ON CHARACTERISTICS (1) 
DYNAMIC CHARACTERISTICS (1) 
[ Output Capacitance Veg =28Véc,le=Of=t0MHe [| Go | — | @ | 1 | oF | 
FUNCTIONAL TESTS (2) — See Figure 1 
Common-Emitter Amplifier Power Gain bee Mt ca), See Wea tee 
(Voc = 28 Vde, Pout = 125 W, f = 400 MHz) 
(Voc = 28 Vde, Pout = 125 W, f = 400 MHz) 


Load Mismatch : y 
(Voc = 28 Vde, Pout = 125 W, f = 400 MHz, No Degradation in Output Power 
VSWR = 30:1, all phase angles) 


NOTES: 
1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. 


* Indicates JEDEC Registered Data. 
















Bi 





C1, C2 — 240 pF, 100 Mil Chip Cap (ATC) or Equivalent B1 — Balun, 50 Q Semi-Rigid Coaxial Cable 86 Mil OD, 2” L 
C3 — 4.7 pF, 100 Mil Chip Cap (ATC) or Equivalent B2 — Balun, 50 Q Semi-Rigid Coaxial Cable 86 Mil OD, 2” L 
ee = 1205100 Mil Chilp:Gap (ATG) ot Equivalent Z1— Microstrip Line 650 Mil L x 125 Mil W 
C5 — 27 pF, 100 Mil Chip Cap (ATC) or Equivalent 22 — Microstrip Line 220 Mil L x 125 Mil W 
C6 — 20 pF, 100 Mil Chip Cap (ATC) or Equivalent Z3 — Microstrip Line 280 Mil L x 125 Mil W 
C7 — 12 pF, 100 Mil Chip Cap (ATC) or Equivalent Z4 — Microstrip Line 300 Mil L x 125 Mil W 
C9, C10 — 270 pF, 100 Mil Chip Cap (ATC) or Equivalent Z5 — Microstrip Line 450 Mil L x 125 Mil W 


C11, C12, C16, C17 — 470 pF 100 Mil Chip Cap (ATC) or Equivalent 
C13, C18 — 680 pF Feedthru 

C14, C19 — 0.1 F Erie Redcap or Equivalent 

C15 — 20 nF, 50V 


L1, L2 — 0.15 wH Molded Choke With Ferrite Bead 
L3, L4 — 2-1/2 Turns #20 AWG, 0.200 ID 
L5, L6 — 3-1/2 Turns #18 AWG, 0.200 ID Figure 1. 400 MHz Test Fixture 


Board Material — 0.06” Teflon-Fiberglass, e, = 2.55, 
2 oz. Cu. CLAD, Double Sided 
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28 





= 120 

ea TACT Teer 
Eel | 

rofl AZ TEP jal 

on 7, a )24nnnnn 





Voc = 13.5V 
Yate tesa a 


Pin, Ptr POWER aire Pin, INPUT POWER (WATTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 
CLASS C 
e 140 
= 120 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER 





Voc, SUPPLY VOLTAGE (VOLTS) Voc, SUPPLY VOLTAGE (VOLTS) 
Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage 








































































































te OUTPUT POWER (WATTS) 

















400 13.5 + [5.42] 4.2 — j0.93 |_ 

ZoL* = Conjugate of the optimum < 
load impedance into which the device - 
operates at a given output power, volt- x 0 2 4 6 8 10 12 14 ~«=16~18~CO 














(-Sp)iwhaaanes Sonvisnane a6 22 )awanoanty sonwisis: 
o}yot ei Je] [es 


age, and frequency. a Pi. INPUT (WATTS) 
in: POWE 


Figure 6. Series Equivalent Input/Output Fee (Claes AD Out Power versus 


Impedance Input Power 
Input and output impedances are measured from base to base and 
collector to collector respectively. 
MOTOROLA RF DEVICE DATA 2N6985 
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SCALE 0.75:1 


Figure 8. Test Circuit Photomaster 





Figure 9. Test Fixture Photo 





2N6985 MOTOROLA RF DEVICE DATA 
2-10 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 2N6986 
NPN Silicon Push-Pull 
RF Power Transistor 


. .. designed primarily for wideband large-signal output and driver amplifier 100 W, 30 to 500 MHz 

stages in the 30 to 500 MHz frequency range. CONTROLLED “Q” 

e Specified 28 Volt, 500 MHz Characteristics — BROADBAND PUSH-PULL 
Output Power = 100 W RF POWER TRANSISTOR 





Typical Gain = 10.3 dB (Class AB); 9.0 dB (Class C) EN SILICON 
Efficiency = 55% (Typ) 


e Built-In Input Impedance Matching Networks for Broadband Operation 
e Push-Pull Configuration Reduces Even Numbered Harmonics 
e Gold Metallization System for High Reliability . 
e 100% Tested for Load Mismatch 
e Hermetic Package to Meet Stringent Environmental Requirements 
a amt a | 
| + 
3 | 
I | 
| 5 (FLANGE) 
4 CASE 382, STYLE 1 
| 2 


The 2N6986 is two transistors in a single package with separate base and collector leads and emitters 
common. This arrangement provides the designer with a space saving device capable of operation ina 
push-pull configuration. 





MAXIMUM RATINGS* 


Total Device Dissipation @ To = 25°C (1) 





Derate above 25°C 
Storage Temperature Range 
Junction Temperature : p00 
THERMAL CHARACTERISTICS 
Se 





Thermal Resistance, Junction to Case Rec a “CW 


NOTE: 


1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
push-pull amplifiers. 


* Indicates JEDEC Registered Data. 
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ELECTRICAL CHARACTERISTICS* (Tc = 25°C unless otherwise noted.) 


[_eharaciosto ————«d;CS bot | _win [te [Mee Ut 
OFF CHARACTERISTICS (1) 
Vemceo] 20 [_— | — | ve _| 


Collector-Emitter Breakdown Voltage (Ico = 50 mAdc, Ip = 0) 
| Colector Emitter Breakdown Voltage (¢=50mAdc, Vae=0) | Veerces| 60 | — | — | veo _| 
| Emitter-Base Breakdown Voltage (Ie=5.0mAdc,Io=0) | Wemepo | 40 | — [| = [vac | 
[ Colector Cut Curent Vog=30Vete=0  ——=«t_iiogo =| ~— | — | 80 | mado _| 


ON CHARACTERISTICS (1) 


DC Current Gain (Ic = 1.0 Adc, VcE = 5.0 Vde) tee [| 2 | — | wo | — | 


DYNAMIC CHARACTERISTICS (1) 


Output Capacitance (Vop = 28 Vde, IE = 0, f= 1.0 MHz) Cp | — [ 7 | 15 


FUNCTIONAL TESTS (2) — See Figure 1 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 100 W, f = 500 MHz) 
Collector Efficiency 
(Voc = 28 Vde, Poyt = 100 W, f = 500°MHz) 
Load Mismatch 
(Voc = 28 Vde, Poyt = 100 W, f = 500 MHz, 
VSWR = 30:1, all phase angles) 
NOTES: 


1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. 


* Indicates JEDEC Registered Data. 
















BI 
C1, C2, C7, C8 — 240 pF 100 mil Chip Cap L1, L2 — 0.15 pH Molded Choke with Ferrite Bead 
C3 — 12 pF 100 mil Chip Cap L3, L4 — 2-1/2 Turns #20 AWG 0.200” ID 
C4 — 10 pF 100 mil Chip Cap L4, L5, L6 — 3-1/2 Turns #18 AWG 0.200” ID 
C5 — 36 pF 100 mil Chip Cap B1, B2 — Balun 50 Q Semi Rigid Coax, 86 mil OD, 2” Long 


C6 — 12 pF 100 mil Chip Cap 

C9, C13 — 1000 pF 100 mil Chip Cap 
C10, C14 — 680 pF Feedthru Cap 
C11, C15 — 0.1 uF Ceramic Disc Cap 
C12, C16 — 50 pF 50 V 


Z1, Z2 — 450 mil Long x 125 mil W. Microstrip 

Z3, Z4 — 340 mil Long x 125 mil W. Microstrip 

Z5, Z6 — 280 mil Long x 125 mil W. Microstrip 

27, Z8 — 600 mil Long x 125 mil W. Microstrip 
Board Material — 0.03” Teflon-Fiberglass, e, = 2.55, 
2 0z. Copper Clad both sides. 


Figure 1. 500 MHz Test Fixture 
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i al a ea 
A De oo 
et TT 
Fe 
ei i 18 20 


INPUT POWER (WATTS) INPUT sean ee 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 





OUTPUT POWER (WATTS) 
OUTPUT POWER (WATTS) 
& 


= 





OUTPUT POWER (WATTS) 





SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE (VOLTS) 
Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage 



























































Ol a 
Ree ae eee 
Z ee 0 oa 
Reanim 
: E i, ae ae ee 
oe Zot = Congas of the apart 
< load impedance into which the device 
7 operates at a given output power, volt- INPUT POWER (WATTS) 
age, and frequency. 
Howe 6. Series Equivalent Input/Output Figure 7. Class AB Output Power versus 


Impedance Input Power 
Input and output impedances are measured from base to base and 
collector to collector respectively. 


MOTOROLA RF DEVICE DATA 2N6986 
2-13 





SCALE 0.75:1 


Figure 8. Test Circuit Photomaster 








Figure 9. Test Fixture Photo 





2N6986 MOTOROLA RF DEVICE DATA | 
2-14 


MOTOROLA 
Be SEMICONDUCTOR aaa 


TECHNICAL DATA 

The RF Line BFRSO 
NPN Silicon 

High-Frequency Transistor 


. .. designed primarily for use in high-gain, low-noise, small-signal amplifiers. 


Also used in applications requiring fast switching times. tr = 5.0 GHz @ 14 mA 
; : : HIGH-FREQUENCY 
e High Current-Gain — Bandwidth Product — TRANSISTOR 
fT = 5.0 GHz (Typ) @ I¢ = 14mA NPN SILICON 





e Low Noise Figure — 
NF = 2.4 dB (Typ) @ f = 0.5 GHz 
= 3.0 dB (Typ) @ f= 1.0 GHz 
e High Power Gain — 
Gmax = 18 dB (Typ) @ f = 0.5 GHz 
= 12 dB (Typ) @ f= 1.0 GHz 


BE 





CASE 317A, STYLE 2 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Ta = 60°C 
Derate above 60°C 


Storage Temperature Range 





THERMAL CHARACTERISTICS 
eS 
[Thermal Resistance, dundiontoAmbit —————SSSCSCSCSCS~*dC | C*d;C 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Garantie iY SSymbor—in tp [Max] Unit] 
OFF CHARACTERISTICS 












[ coteaorenirneiaom vole (o=TUmneTe=o | Wenoes [® [=] = 
otc Sae Besa Voge fo= Oma gO. | Werjono [a [= [= 
Emitter-Base Breakdown Voltage (Ig = 0.1 mAde, Ic = 0) | Wereso | 30 | — | — | Vdc | 
| Collector Cutoff Curent Vog=10Veete=0) | tcp | | Tmt 





ON CHARACTERISTICS 
[Oc CwnentGainig=Temade voe=towey SSE «YS ST «dC 
(continued) 
MOTOROLA RF DEVICE DATA BFR90 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product fT 
(Ig = 14 mAde, VcE = 10 Vde, f = 0.5 GHz) 





Collector-Base Capacitance Cob 
(VcB = 10 Vade, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Noise Figure 
(Ic = 2.0 mAdc, VcE = 10 Vde, f = 0.5 GHz) 
(Ic = 2.0 mAde, VcE = 10 Vde, f = 1.0 GHz) 


Power Gain at Optimum Noise Figure 
(Ic = 2.0 mAde, VcE = 10 Vde, f = 0.5 GHz) 
(Ic = 2.0 mAdc, VcE = 10 Vde, f = 1.0 GHz) 


Maximum Available Power Gain (1) 
(Ic = 14 mAdc, VcE = 10 Vde, f = 0.5 GHz) 
(Ic = 14 mAdc, VoE = 10 Vde, f = 1.0 GHz) 


1S2412 


NOTE: 1. Gmax = 
max” (1-184 412)((1Sa0l2) 





Pp, DEVICE DISSIPATION (mW) 
Gmax» POWER GAIN (dB) 
NE, NOISE FIGURE (48) 





200 
Ta, AMBIENT TEMPERATURE (°C) {, FREQUENCY (GHz) 


Figure 1. Power Derating Figure 2. Power Gain and Noise Figure 
versus Frequency 


NF, NOISE FIGURE (dB) 





Gmax, POWER GAIN (dB) 
eo 
E 


satel VcE=10V 
a ae ee ee ee 
ae a a 
Ic, COLLECTOR CURRENT (mA) 


Figure 3. Power Gain and Noise Figure 
versus Collector Current 
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Frequency(MHz) | = 200s 800 1000 


VCE Ic 
(Volts) | (mA) Zo Zo Zo c4) 
0 i 


2. 0.77 
H 0.52 
0.33 

0.20 

0.17 


Frequency(MHz) | 200 | =o {| 0 | to | tO 


VCE Ic 
(Volts) (mA) 


ll : 




















Frequency (MHz) 


(Volts) 





Table 4. S42 Parameters 
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MOTOROLA 


= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line BFRSO2ALT1 
NPN Silicon 


High-Frequency Transistors 


. . designed primarily for use in high-gain, low-noise, small-signal UHF and 
microwave amplifiers constructed with thick and thin-film circuits using surface 
mount components. RF TRANSISTORS 

NPN SILICON 


MAXIMUM RATINGS 


es os 
[caaacennarioge | vor [| ve | 
Vepo | 20 | veo | 
[rasa Vaio | Veso | 20 | vo] 
Collector Current — | Collector Current—Continuous | Collector Current—Continuous [ig | 5 | mad | | mAdc | 
Merpotrenege | ve ee | | 
Temperature Range 
THERMAL CHARACTERISTICS 


[Gharacteristio—————«y; Symbol [Max | Unit 
Total Device Dissipation, Ta = 25°C* mW 
aes ee eae 
SeageTeneawe | toy | 8_—«|e_| 


* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 



















CASE 318-07, STYLE 6 
DEVICE MARKING SOT-23 


LOW PROFILE 
BFR92ALT1 = P2 


ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted.) 


[Characins Smbon ine 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vde 
(ig = 10 mA) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 pA) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Ic = 100 pA) 
Collector Cutoff Current BFR92ALT1 ICBO nA 
(VcB = 10 V) 



















ON CHARACTERISTICS 






DC Current Gain BERQ2ALT1 FE 40 
(lc = 14 mA, VcE = 10 V) 
Collector-Emitter Saturation Voltage (1) VcE\(sat) Vde 
(ic = 25 mA, Ip = 5.0 mA) 
Base-Emitter Saturation Voltage (1) VBE(sat) Vde 
(ic = 25 mA, Ip = 5.0 mA) 


NOTE: (continued) 
1. Pulse Width < 300 pps, Duty Cycle < 2.0%. 
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ELECTRICAL CHARACTERISTICS — continued (T, = 25°C unless otherwise noted.) 


a 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 14 MA, VcE = 10 V, f = 500 MHz) 


Noise Figure 
(VcE = 1.5 V, Ic = 3.0 mA, Rg = 50 Q, f = 500 MHz) 


Capacitance-Collector to Base 
(VcB = 10 Vde, f = 1.0 MHz) 
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MOTOROLA 


= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line BFRSOSALT1 
NPN Silicon 


High-Frequency Transistors 


. . designed primarily for use in high-gain, low-noise, small-signal UHF and 
microwave amplifiers constructed with thick and thin-film circuits using surface 


mount components. RF TRANSISTORS 


NPN SILICON 


MAXIMUM RATINGS 


Vo50 

Ve50 

[Colector Gurent—Coninvous | tc | 
Temperature Range 

THERMAL CHARACTERISTICS 


Total Device Dissipation, Ta = 25°C* 
Derate above 25°C 
















Storage Temperature Tstg 
Thermal Resistance Junction to Ambient* | Reva | 


* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 





CASE 318-07, STYLE 6 
DEVICE MARKING SOT-23 


LOW PROFILE 
BFR93ALT1 = R2 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (1) V(BR)CEO Vdc 
(Ic = 10 mA) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 10 pA) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ic = 100 pA) 


Collector Cutoff Current (VogE = 10 V) IcEO | — | 5 [| m | 
Collector Cutoff Current (Vcg = 10 V) ICBO | — | 5s [| m | 


ON CHARACTERISTICS 


DC Current Gain (1) BFR93ALT1 
(I¢ = 30 mA, VcE = 5.0 V) 
Collector-Emitter Saturation Voltage (1) VcE(sat) Vde 
(Io = 35 mA, Ip = 7.0 mA) 
Base-Emitter Saturation Voltage (1): VBE(sat) 1.2 Vde 
(Ic = 35 mA, Ip = 7.0 mA) 


NOTE: (continued) 
1. Pulse Width < 300 ps, Duty Cycle < 2.0%. 
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ELECTRICAL CHARACTERISTICS — continued (T, = 25°C unless otherwise noted.) 


a 


SMALL-SIGNAL CHARACTERISTICS 






Current-Gain — Bandwidth Product fr 
(I¢ = 30 MA, VE = 5.0 V, f = 500 MHz) 

Noise Figure 
(VCE = 5.0 V, I¢ = 2.0 mA, Rg = 50 Q, f = 30 MHz) 
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MOTOROLA 


= SEMICONDUCTOR Sn 


TECHNICAL DATA 


The RF Line 
NPN Silicon 


High-Frequency Transistor 


The BFR96 transistor uses the same state-of-the-art microwave transistor 
chip which features fine-line geometry, ion-implanted arsenic emitters and gold 
top metallization. This transistor is intended for low-to-medium power amplifiers 
requiring high gain, low noise figure, and low intermodulation distortion. The 
BFR¢96 is particularly suitable for broadband MATV/CATV amplifiers. 


MAXIMUM RATINGS 


Symbol [Value | Unit | 


Collector-Emitter Voltage 


Collector-Base Voltage 
Emitter-Base Voltage VEBO 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 100°C (1) 
Derate above Tc = 100°C 





Storage Temperature 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





BFR9OG 


fr = 4.5 GHz @ 50 mA 
HIGH-FREQUENCY 


TRANSISTOR 
NPN SILICON 





BE 


CASE 317A, STYLE 2 


eae, ee ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 100 pAde, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 100 pAde, Ic = 0) 

Collector Cutoff Current IcBO 
(VcB = 10 Vde, Ig = 0) 


ON CHARACTERISTICS 





DC Current Gain hre 
(Ig = 50 mAdc, VcE = 10 Vde) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 50 mAdc, VcE = 10 Vde, f = 0.5 GHz) 


Collector-Base Capacitance 





(Vcp = 10 Vde, Emitter Guarded) 


NOTE: 
1. Case temperature measured on collector lead immediately adjacent to body of package. 


BFR96 
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(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Ieee ea (ce UT Re ee 


FUNCTIONAL TESTS 


Noise Figure 
(I¢ = 10 mAdc, VoE = 10 Vdc, f = 0.5 GHz) 





Maximum Unilateral Gain/Insertion Gain (2) Gy(max)/ N12 14.65/13 
(Ii¢ = 50 mAdc, VcE = 10 Vdc, f = 0.5 GHz) ISo4l2 


2 
NOTE: 2. Gy(max) = ae 
(=18442)((-ISzal) 


Gy (max), MAXIMUM UNILATERAL GAIN (dB) 
|Spql2, INSERTION GAIN (dB) 





: {2 0.3 0.5 0.7 1 15 
f, FREQUENCY (GHz) {, FREQUENCY (GHz) 
Figure 1. Maximum Unilateral Gain Figure 2. |So4I2 versus Frequency 


versus Frequency 


f=0.5 GHz 
Voce =10V 


Gy (max), MAXIMUM UNILATERAL GAIN (dB) 
f7, GAIN-BANDWIDTH PRODUCT (GHz) 





Ic, COLLECTOR CURRENT (mA) Io, panei ane (mA) 
Figure 3. Maximum Unilateral Gain versus Figure 4. Gain-Bandwidth Product versus 
Collector Current Collector Current 
MOTOROLA RF DEVICE DATA BFR96 
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f=0.5 GHz 
Voce =10V 


NF, NOISE FIGURE (dB) 
NF, NOISE FIGURE (dB) 





LY 
LH 
7. 
il 
Ban 
al 





0.2 03 0.5 ‘0 4 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 


Figure 5. Noise Figure versus Frequency Figure 6. Noise Figure versus 
Collector Current 


Cob, COLLECTOR-BASE CAPACITANCE (pF) 





Vcp, COLLECTOR-BASE VOLTAGE (Vdc) 


Figure 7. Collector-Base Capacitance versus 
Collector-Base Voltage 
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Figure 8. Input/Output Reflection Figure 9. Forward/Reverse Transmission 
Coefficients versus Frequency Coefficients versus Frequency 
(VCE = 10 V, Ic = 50 mA) (VcE = 10 V, Ic = 50 mA) 





Table 1. Common-Emitter S-Parameters 





MOTOROLA RF DEVICE DATA BFR96 
2-25 


MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistor 


Designed primarily for use in high-gain, low-noise amplifier, oscillator and 
mixer applications. Packaged for thick or thin film circuits using surface mount 
components. 


RF TRANSISTOR 


NPN SILICON 





MAXIMUM RATINGS 


Total Device Dissipation, Ta = 25°C. 
Derate above 25°C (1) 


CASE 318-07, STYLE 6 
SOT-23 
LOW PROFILE 
DEVICE MARKING (TO-236AA/AB) 
BFS17LT1 = E1 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 
OFF CHARACTERISTICS 

[ ColedareniterBratcomvVolgo(G=TomA) [Vanco] ® | - | — |_| 
[ GoledarBes iatdom Vane (c= 10000) | Varyono | = [| — |= | ve _| 
0 
Oe 
[eniterouot GweniVen=#W)————S~i eno | 


ON CHARACTERISTICS 


DC Current Gain hee 
(i¢ = 2 mA, Voge = 1 V) 
(Ic = 25 mA, VoE = 1 V) 

Collector-Emitter Saturation Voltage VCE\(sat) Vv 
(Ic = 10 mA, Ip = 1 mA) 

Base-Emitter Saturation Voltage VBE(sat) Vv 
(ic = 10 mA, Ip = 1 mA) 
(Ic = 2 mA, VcE = 5 V, f = 500 MHz) 


fr 
- 
(Ic = 25 mA, VcE = 5 V, f= 500 MHz) 13 


[Suna Cepactne Woa=T0vt=tMa] Sie | dT 
[Nose Rue (g=2ma.vor=swRgnana Taam [we | - | 8 | - | «| 


NOTE: 
1. Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 

























SMALL-SIGNAL CHARACTERISTICS 














Current-Gain — Bandwidth Product 
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MOTOROLA 


= SEMICONDUCTOR ox 
TECHNICAL DATA 


LP1001 
The RF Line 


NPN Silicon LP1001A 
High-Frequency Transistors 


The LP1001 is designed for CATV and other Broadband linear applications. 
This Motorola series of small-signal plastic transistors offers superior quality LOW NOISE 
and performance at low cost. HIGH-FREQUENCY 
High Current Gain-Bandwidth Product TRANSISTORS 

ff = 5 GHz (Typ) @ Ic = 10 mAdc 
e High Power Gain 

Gpe = 12.5 dB (Typ) @ 1 GHz 
e Low Noise Figure 

NF =3 dB (Typ) @ 1 GHz 


e Low Feedback Capacitance 
Cob = 0.5 pF (Typ) @ Vcp = 10 Volts 





CASE 29-04, STYLE 2 
TO-226AA 





MAXIMUM RATINGS 


YE80 
[ToalDovcoDeshaion @TawzOSCSCSC~*~*~*~dC*i 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | 


Thermal Resistance — Junction to Ambient 
— Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Lk IE | Se) | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(ic = 1 mA, Ip =0) 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 0.1 mA, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 pA, Ic = 0) 

Collector Cutoff Current IcBO nA 
(Vcp = 10 Vde, IE = 0) 

















ON CHARACTERISTICS 
DC Current Gain 
(Ig = 10 mAdc, VoE = 10 Vdc) LP1001 
LP1001A 
(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


[Characters Symon win |e me Ton 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(Vop = 10 Vde, IE = 0, f= 1 MHz) 


Current Gain-Bandwidth Product 
(VCE = 10 Vde, Ic = 10 mAdc, f = 500 MHz) 


FUNCTIONAL TESTS 


Gain @ Noise Figure 
(I¢ = 10 mAdc, VcgE = 10 Vde) f = 500 MHz 
; f=1 GHz 








Noise Figure 
(Ic = 10 mAdec, VcogE = 10 Vde) 


pve | i | ot fos Ts Te] Se 
| votts) | may [ cure) | iso | co | tse [| zo | sit | oe | tat | Zo | 





Table 1. Common Emitter S-Parameters 
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NF, Gur (dB) 
NF, Guy (6B) 





Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
Figure 1. Gain at Noise Figure and Noise Figure Figure 2. Gain at Noise Figure and Noise Figure 
versus Collector Current versus Collector Current 





g 
# 
ro] 
3 
{o) 
= 
Ea 
{, FREQUENCY (MHz) 
Figure 3. Noise Figure versus Frequency 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line LP1983 
NPN Silicon 


High-Frequency Transistor 


. .. designed primarily for use in high-gain, low-noise, small-signal amplifiers. 


= A 
¢ High Current-Gain — Bandwidth Product — fy = 4.5 GHz (Typ) eR sad alte 
@ Ig = 15 mAde TRANSISTOR 
e High Power Gain — Gpe = 12 dB (Typ) @ f = 900 MHz NPN SILICON 





e Low Noise Figure — NF = 2.4 dB (Typ) @ f = 900 MHz 
e Low Feedback Capacitance — Cob = 0.5 pF (Typ) @ Veb = 10 V 
e Die Source Same as MRF901 


MAXIMUM RATINGS 












Rating 
Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO 


Emitter-Base Voltage VEBO p20 | 





Collector Current — Continuous 
Total Device Dissipation @ To = 25°C 
Derate above 25°C 


Operating Junction Temperature 


CASE 29-04, STYLE 2 
TO-226AA 
(T0-92) 


Storage Temperature Range 





THERMAL CHARACTERISTICS 

| CC“‘(‘!CCharacteristic =| Symbol [| Max | Unit 
| Thermal Resistance, JunctiontoAmbient | Rs | 200 || 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[__—Chavacteio ———S* SS ymbor in |p] Max | Unt 
OFF CHARACTERISTICS 










Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ig = 0.1 mAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vae 
(IE = 0.1 mAde, Ic = 0) 
Collector Cutoff Current IcBO ate 
(Vp = 15 Vde, IE = 0) 
Collector Cutoff Current ICEO 10 nA 
ON CHARACTERISTICS 


DC Current Gain NFE 
(Ig = 10 mAdc, VcE = 10 Vde) 








Collector-Emitter Saturation Voltage VCE (sat) Vv 
(Ic = 10 mA, Ig = 1.0 mA) 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


eC 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 

(Ico = 15 mAdc, Vcg = 10 Vde, f = 1.0 GHz) 
Collector-Base Capacitance 

(Vcp = 10 Vde, IE = 0, f = 1.0 MHz) 


Noise Figure (Figure 1) 
(Ic = 5.0 mAdc, VcE = 10 Vde, f = 900 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Ig = 10 MA, VCE = 10 Vde, f = 900 MHz) 


Common-Emitter Feedback Capacitance 
(VcB = 10 Vde, f = 1.0 MHz) 








RF INPUT 








BIAS 
TEE 





SLUG TUNER 


Figure 1. 900 MHz Test Circuit Schematic 


f7, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 





Ic, COLLECTOR CURRENT (mA) 


Figure 2. Current Gain-Bandwidth Product 
versus Collector Current 
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| 
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WET TT 







Gamax, MAXIMUM AVAILABLE GAIN (dB) 
= 
[S24 |2, INSERTION GAIN (dB) 





8 ee a ee De ee 0 
0 5 10 15 20 25 30 0.15 0.2 0.3 04 «05 0.7 1 1.5 
Ic, COLLECTOR CURRENT (mA) f, FREQUENCY (GHz) 
Figure 3. Maximum Available Gain Figure 4. IS24!2 versus Frequency 


versus Collector Current 


NF, NOISE FIGURE (dB) 
~ 
a 

NF, NOISE FIGURE (dB) 





pele ct Sh 
0 4 8 12 16 20 0.1 0.15 0.2 0.3 04 0.5 0.7 1 
Ic, COLLECTOR CURRENT (mA) f, FREQUENCY (GHz) 
Figure 5. Noise Figure versus Collector Current Figure 6. Noise Figure versus Frequency 


2.2 
ae a a ee 

Pe ne Enea (Teer (le ee (I |__| 
(ed a ee De He ee 


Cip, INPUT CAPACITANCE (pF) 
> 


ie es a 
2 a es Pa ee 
ete Fe Pe a ee ese ee 


Cop, COLLECTOR-BASE CAPACITANCE (pF) 





Vep, EMITTER-BASE VOLTAGE (Vdc) Vop, COLLECTOR-BASE VOLTAGE (Vdc) 


Figure 7. Input Capacitance versus Figure 8. Collector-Base Capacitance 
Emitter-Base Voltage versus Collector-Base Voltage 
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Table 2. Common Emitter S-Parameters, VcE = 10 V 
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MOTOROLA 


= SEMICONDUCTOR Soo 
TECHNICAL DATA 


MMBR521LT1* 


The RF Line MRF521 

PNP Silicon MRF5211LT1 

High-Frequency Transistor iersante iesrtiias 
Designed primarily for use in the high-gain, low-noise small-signal amplifiers 

for operation up to 3.5 GHz. Also usable in applications requiring fast switching Ic =-70 mA 

culate TRANSISTOR 

e High Current Gain-Bandwidth Product — PNP SILICON 


ff = 3.4 GHz (Typ) @ Ic =-35 mAdc (MMBR521LT1) 

fy = 4.2 GHz (Typ) @ Ic = —50 mAdc (MRF521, MRF5211LT1) 
e Low Noise Figure @ f = 1.0 GHz — 

NF (matched) = 2.5 dB (Typ) (MMBR521LT1) 

NF (matched) = 2.8 dB (Typ) (MRF521, MRF5211LT1) 
e High Power Gain — Gpe (matched) =11dB (Typ) Sec 
e Guaranteed RF Parameters 
e Surface Mounted SOT-23 (MMBR521LT1) & SOT-143 (MRF5211LT1) CASE 317-01, STYLE 1 

Offer Improved RF Performance MRF521 


Lower Package Parasitics 
Higher Gain 





MAXIMUM RATINGS 


Symbol 
Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Power Dissipation (1) T¢ = 75°C, MMBRS521LT1 
Derate above Tc = 75°C MRF5211LT1 


CASE 318A-05, STYLE 1 
SOT-143 
LOW PROFILE 
MRF5211LT1 


Thermal Resistance, Junction to Case (1) 
MRF521 
MMBR8521LT1, MRF5211LT1 


Thermal Resistance, Junction to Ambient 
MRF521 


CASE 318-07, STYLE 6 





SOT-23 
MMBR521LT1, MRF5211LT1 LOW PROFILE 
(TO-236AA/AB) 
DEVICE MARKING MUBREALTA 
MMBR8&21L = 7M MRFS5211 = 04 
NOTE: 


1. Case Temperature is measured on the collector lead where it first contacts the printed 
circuit board closest to the package. For case temperatures above +75°C: 
PDISP(max) = (Timax - TC) / Resc 


Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characteriatic ——SSC«<Symbot [in typ | Max | Unit 
OFF CHARACTERISTICS 

[ Cotector miter Breakdown Votage(ig=—10mAGG Ig=0) | Vemoeo] 0 | -@ | — | va | 
| Cotector-Base Breakdown votage (g=-0.1mAde,le=0) | V@erjoao | _-2 | — | — | ve | 
[ EmiterBase Breakdown votage (z=-S0uAdeic=0) | Veneso| -25 | — | — | vae_| 
| Colector Cuiot Gunent Vop=—80VeGte=) ‘| ‘ogo | — | — | 0 | wad _| 
ON CHARACTERISTICS 

[ BC Curent Gain Ig ==80made, Vor=-s0ve) ———=«d;~=Sie YT | — | 7 | — i 
DYNAMIC CHARACTERISTICS 

Collector-Base Capacitance (Vcp = —6.0 Vde, IE = 0, f = 1.0 MHz) 


Current Gain — Bandwidth Product 
(VCE = —8.0 V, Io = —35 mA, f = 1.0 GHz) MMBR521LT1 
(VCE =—8.0 V, ic = —50 mA, f = 1.0 GHz) MRF5211LT1 


FUNCTIONAL TESTS 


Power Gain at Minimum Noise Figure 
(VCE =—6.0 V, Ico = —5.0 mA, f = 500 MHz) MMBR521LT1 
(VCE =—6.0 V, Ic = —5.0 mA, f = 1.0 GHz) MMBR6521LT1 
(VCE = —6.0 V, Io = —5.0 mA, f = 1.0 GHz) MRF5211LT1 


Noise Figure — Minimum 
(VCE = —6.0 V, Ic = —5.0 mA, f = 500 MHz) MMBR521LT1 
(VCE =—6.0 V, Ic = —5.0 mA, f = 1.0 GHz) MMBR521LT1 
(VCE =—6.0 V, Ic = —5.0 mA, f = 1.0 GHz) MRF5211LT1 















TYPICAL CHARACTERISTICS 
MMBR521LT1, MRF521, MRF5211LT1 


C, CAPACITANCE (pF) 
Cip, INPUT CAPACITANCE (pF) 





Vog, COLLECTOR-BASE VOLTAGE (VOLTS) Vpe, BASE-EMITTER VOLTAGE (VOLTS) 


Figure 1. Junction Capacitance versus Voltage Figure 2. Input Capacitance versus Voltage 


Vce=-6Vde — “MICROLAB 
HW-XXN 


AS APPLICABLE 
D.U.T. 
a aaa ee 
eo a A) “SUUGTUNER “BIAS 
*BIAS “SLUG TUNER TEE 
TEE 


— “*MICROLAB/FXR 
me SF—~11N <1 GHz 
Figure 3. Functional Circuit Schematic SF ~311N 21 GHz 
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TYPICAL CHARACTERISTICS 
MMBRS521LT1 


Tsource = Tort 
TLOAD = S22" 


Ne, NOISE FIGURE (dB) 


{7, CURRENT GAIN BANDWIDTH PRODUCT (GHz) 
Gn, GAIN @ NOISE FIGURE (dB) 





Ic, COLLECTOR CURRENT (mA) FREQUENCY (GHz) 
Figure 4. Current Gain Bandwidth Product Figure 5. Noise Figure & Gain @ Noise 
versus Collector Current Figure versus Frequency 


o 

ZS 
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oO iva 
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= saad 
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fa 
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2 eres Speci (mA) Ic, COLLECTOR CURRENT (mA) 
Figure 6. Noise Figure & Gain @ Noise Figure Figure 7. Noise Figure & Gain @ Noise Figure 
versus Collector Current versus Collector Current 
MMBR521LT1eMRF521eMRF5211LT1 MOTOROLA RF DEVICE DATA | 


2-36 


TYPICAL CHARACTERISTICS 
MRF5211LT1 


Voce =-8 Vee p= 


Zp = 50.2 









eS 


fT, GAIN BANDWIDTH PRODUCT (GHz) 


Ic, COLLECTOR CURRENT (mA) 


Figure 8. Gain-Bandwidth Product versus Current 


GAIN AND NOISE FIGURE versus FREQUENCY 
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Figure 9. 50 Ohm System Figure 10. Tuned Circuit 
GAIN AND NOISE FIGURE versus CURRENT 
See 
ia 3 2 
ze w @ & 
s ole ag 2 
: al e3 : 
5 ste 2 é 2 
oO = Oo = 
ibe s Lo 
Ic, COLLECTOR CURRENT (mA) lc ea Anes (mA) 
Figure 11. Tuned Circuit — Frequency 500 MHz Figure 12. Tuned Circuit — Frequency 1.0 GHz 
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TYPICAL CHARACTERISTICS — continued 


[Soil 
(1 = 1S411)(4 - ISa0/4) 


GUmax GAIN (dB) 


{, erie ae 


Figure 13. GUmax versus Current 
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MRF5211LT1 


|S211, GAIN (dB) 


|. Vce= 8 Vde 





0 
0.15 0.2 7) 


f, =cicasy es 


Figure 14. Insertion Gain versus Frequency 
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Table 1. MMBR521LT1 Common Emitter S-Parameters 
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Table 2. MRF5211LT1 Common Emitter S-Parameters 
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Table 3. MRF521 Common Emitter S-Parameters 
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MOTOROLA 


= SEMICONDUCTOR SI 
TECHNICAL DATA 


F MMBRSO1LT1 
The RF Line 
NPN Silicon MRF9011LT1 


High-Frequency Transistor 


. . . designed primarily for use in high-gain, low-noise small-signal amplifiers for 


operation up to 2.5 GHz. Also usable in applications requiring fast switching Sinn mone 
mes. HIGH-FREQUENCY 
e High Current-Gain — Bandwidth Product — TRANSISTOR 


fT = 3.8 GHz (Typ) @ Ic = 15 mAdc (MRF9011LT1) NPN SILICON 
e Low Noise Figure @ f = 1.0 GHz — 
NF(matched) = 1.8 dB (Typ) (MRF9011LT1) 





= 1.9 dB (Typ) (MMBR901LT1) 
e High Power Gain — 
Gpe(matched) = 13.5 dB (Typ) @ f = 1.0 GHz (MRF9011LT1) 
= 12.0 dB (Typ) @ f = 1.0 GHz (MMBR901LT1) 
e Guaranteed RF Parameters (MRF9011LT1) CASE 318-07, STYLE 6 
e Surface Mounted SOT-23 & SOT-143 Offer Improved RF Performance SOT-23 
Lower Package Parasitics LOW PROFILE 
High Gain 
CASE 318A, STYLE 1 
SOT-143 
LOW PROFILE. 
MAXIMUM RATINGS 


[GoledorBaso tags SSCS Yon Pi 
Veo 
E 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 





Storage Temperature Range MMBR901LT1 
MRF9011LT1 





THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation, Ta = 25°C (1) 
Derate above 25°C 


Storage Temperature 





Thermal Resistance, Junction to Ambient MMBR901LT1 
MRF9011LT1 
DEVICE MARKING 
NOTE: 


1. Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) | 


| Charactertottc | Sembot atin ve ee Unt | 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(ic = 1.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ig = 0.1 mAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(I = 0.1 mAde, Ig = 0) 
Collector Cutoff Current ICBO nAdc 
(Vop = 15 Vde, IE = 0) 







ON CHARACTERISTICS 


DC Current Gain MMBR901LT1 hFE 200 
(Ic = 5.0 mAdc, VcE = 5.0 Vdc) MRF9O11LT1 200 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product MRF9011LT1 ft 3.8 
(I¢ = 15 mAdc, VogE = 10 Vde, f = 1.0 GHz) 





Collector-Base Capacitance MRF9011LT1 Cob 1.0 
(Vo = 10 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 
Power Gain at Minimum Noise Figure MRF9011LT1 GNFmin 13.5 

(VCE = 10 Vdc, Ic = 5.0 mA, f = 1.0 GHz) 
Noise Figure MRF9011LT1 

(VCE = 10 Vde, Ic = 5.0 mA, f = 1.0 GHz) 


Power Gain in 50 Q System MRF9011LT1 GNE 
(VCE = 10 Vde, I¢ = 5.0 mA, f = 1.0 GHz) 


Noise Figure 
(VCE = 6.0 Vde, Ic = 5.0 mA, f = 1.0 GHz) MMBR901LT1 
(VCE = 10 Vdc, ic = 5.0 mA, f = 1.0 GHz) MRF9011LT1 
SMALL-SIGNAL CHARACTERISTICS 

Output Capacitance 

(VcB = 10 Vde, I¢ = 5.0 mAde, f = 1.0 GHz) 

Common-Emitter Amplifier Gain 

(Voc = 6.0 Vde, Io = 5.0 mAde, f = 1.0 GHz) 
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CIRCUIT USED IS HP 11608A 
3 Pt | | | | concur seo sheriemn | 
é ee a a 
0 3 6 9 1 #1 1% 2 24 27 30 
Vop, COLLECTOR-BASE VOLTAGE (VOLTS) : Ic, COLLECTOR CURRENT (mA) 
Figure 1. Collector-Base Capacitance Figure 2. Gain and Noise Figure 
versus Collector-Base Voltage versus Collector Current 
VcE = 6 Vde 
*MICROLAB HW-XXN 
(XX IS SELECTED 
PER FREQUENCY RANGE 
OF INTEREST) 
RF OUTPUT 
RF INPUT “SLUGTUNER “BIAS 
TEE 
= **MICROLAB/FXR 
* SF-11N FORf <1 GHz 
SF-31N FOR f> 1 GHz 
Figure 3. Functional Circuit Schematic 
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Gn, GAIN (dB) 
NF, NOISE FIGURE (dB) 
Gn, GAIN (dB) 


NF, NOISE FIGURE (dB) 
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Figure 4. Gain and Noise Figure Figure 5. Gain and Noise Figure : 

versus Frequency versus Collector Current , 
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Table 1. MRF9011LT1 Common Emitter S-Parameters 


MMBR901LT1eMRF9011LT1 MOTOROLA RF DEVICE DATA © 
2-46 


MOTOROLA 


= SEMICONDUCTOR Se 
TECHNICAL DATA 


The RF Line 
NPN Silicon MMBR920LT1 
High-Frequency Transistor 


... designed for thick and thin-film circuits using surface mount components 
and requiring low-noise, high-gain signal amplification at frequencies to 1.0 


GHz. 

¢ High Gain — Gpe = 15 dB Typ @ f = 500 MHz al era 
e Low Noise — NF = 2.4 dB Typ @ f = 500 MHz SEN SILICGH 
MAXIMUM RATINGS 





PJ Rating =| Symbot_ | Value 
Collector-Emitter Voltage Vcco | 15s Vd 
Collector-Base Voltage VcBo } 


| Unit _| 
<< 
[catecorGurent—Coninoows | te | 8 | mate | 


Operating and Storage Junction TJ: Tstg -55 to +150 °c 
Temperature Range 


THERMAL CHARACTERISTICS 
[ani 
| 
mWw/c 
°C/W 













CASE 318-07, STYLE 6 
SOT-23 
LOW PROFILE 


Total Device Dissipation, Ta = 25°C* 
Derate above 25°C 
35 


to Ambient* 
* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 
DEVICE MARKING 
MMBR920LT1 = 7B 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted.) 


[Character «dC Symbo | in [te Mex [Unt 
OFF CHARACTERISTICS 
[vencco] [| - | - | | 










Collector-Emitter Breakdown Voltage (Ico = 1.0 mAdc, Ip = 0) 


de 
[ GolectorBase Breakdown Votage (o=0.1 made.le=0 | Viaryoso | 20 | _— | _— | ve _ 
Emit Base Breakdown Volage le =0.1 made.ic=0) | Wameso |_20 | — | _— | vee _| 
[ Colector Cut Curent(Vog=T0VEE.1E=0 ————+d|_icso | — | _— | 5 | rade 
ON CHARACTERISTICS 
[ Bo Curent Gan (g= made, Voe=tovee) + tre | [| — | = | — | 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 14 mAdc, VcE = 10 Vde, f = 0.5 GHz) 





Noise Figure 
(ic = 2.0 mAde, VoE = 10 Vde, f = 0.5 GHz) 


(Ic = 2.0 mAde, VoE = 10 Vdc, f = 1.0 GHz) 


Common-Emitter Amplifier Power Gain 
(ig = 2.0 mAdc, VogE = 10 Vde, f = 0.5 GHz) 
(I¢ = 2.0 mAdc, VcE = 10 Vde, f = 1.0 GHz) 
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MOTOROLA 


= SEMICONDUCTOR Se 
TECHNICAL DATA 


The RF Line MMBR931LT1 
NPN Silicon 


High-Frequency Transistor 


. .designed primarily for use in low-power amplifiers to 1.0 GHz. Ideal for 
pagers and other battery operated systems where power consumption is RF AMPLIFIER 


critical. TRANSISTOR 
NPN SILICON 
MAXIMUM RATINGS 


Rating Sa 
[Catecortniterveiage | Vero | 80+ V 
[eotecorsece Vase | oso | 0 | V 
veo [20 |v 
[cotacercuren—Corimoms [to 80 


Operating and Storage Junction Ty: Tstg —55 to +150 
Temperature Range 















THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation, Ta = 25°C* 


Derate above 25°C 


Storage Temperature 





* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. CASE 31 Bree 6 
SOT- 
DEVICE MARKING LOW PROFILE 


(TO-236AA/AB) 
MMBR9Q31LT1 = 7D 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





[Characters «Sombie [woe a 
OFF CHARACTERISTICS 











Coleco Ener Beakonvilage (ga ei nAGGIe=o [Venez | | — [= | =] 
 Galodor ase Bean tage fo =OaT mA Ie=9) | Vanco |_@ | _— | = |_| 
[Erica Broatdow Volpe (e=04madoio=0) | Wengeo | 88 | — | _— | ve 
| GoteserGac Gureri oa s0Vesie=0) ‘| _tes0_| — | — | | oe | 


ON CHARACTERISTICS 


DC Current Gain hre 
(Ig = 0.25 mAde, VcE = 1.0 Vdc) 


SMALL-SIGNAL CHARACTERISTICS 
Collector-Base Capacitance Cob pF 
(Vcp = 1.0 Vde, IE = 0, f = 1.0 MHz) 
Noise Figure 
(IE = 0.25 mAde, Voce = 1.0 Vde, f = 1.0 GHz) 






Power Gain at Optimum Noise Figure 
(Ig = 0.25 mAde, VcE = 1.0 Vde, f = 1.0 GHz) 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line 
PNP Silicon MMBR4957LT1 
High-Frequency Transistor 


. . designed for high-gain, low-noise amplifier oscillator and mixer applications. 
Specifically packaged for thick and thin-film circuits using surface mount 





components. Ic =-30 mA 

° High Gain — Gpe = 17 dB Typ @ f = 450 MHz HIGH-FREQUENCY 

e Low Noise — NF =3.0 dB Typ @ f = 450 MHz TRANSISTOR 
PNP SILICON 

MAXIMUM RATINGS 











[Rating Svmbor [value [nit 
[Galectoremiervotage ‘| ogo | __-2 —*| vee 
[CalecorBasevotage =i Vopo | 9) ‘| vee | 
Vepo | __-80_(| ve 
| GoleserCuren—Corinmows [ic | -® | ane | 
Operating and Storage Junction Ty Tstg —55 to +150 
ee ee ie ee 
THERMAL CHARACTERISTICS 


Characteristic 


Total Device Dissipation, Ta = 25°C* 
Derate above 25°C 





Storage Temperature a 


Thermal Resistance Junction 
to Ambient* 


* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. 





CASE 318-07, STYLE 6 
SOT-23 
DEVICE MARKING LOW PROFILE 


(TO-236AA/AB) 
MMBR4957LT1 = 7F 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = —1.0 mAdsc, Ig = 0) verycco | -30 | — | voc | 
Collector-Base Breakdown Voltage (Ic = —100 pAdc, IE = 0) V(BR)CBO | -30 | — [voc | 
Emitter-Base Breakdown Voltage (Iz = —100 pAde, Ic = 0) Verso | -30 | — | vac | 


Collector Cutoff Current (Vcp =—10 Vdc, Ic = 0) 
ON CHARACTERISTICS 


[D6 Gurent Gang =—20made Voe=—WOve) ————SCSCSC~‘idtCia id 


SMALL-SIGNAL CHARACTERISTICS 
Current-Gain — Bandwidth Product ff 1200 (Typ) MHz 
(lz = -2.0 mAde, VcE = —10 Vde, f = 100 MHz) 
Collector-Base Capacitance Cob 
(Vop =~10 Vde, Ig = 0, f= 1.0 MHz) 










Common-Emitter Amplifier Power Gain 17 (Typ) 
(VCE =—10 Vde, Ic = —2.0 mAdc, f = 450 MHz) 

Noise Figure 3.0 (Typ) 
(Ic = -2.0 mAdc, VcgE =—10 Vde, f = 450 MHz) 
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Table 1. Common Emitter S-Parameters 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line 
NPN Silicon MMBR5031LT1 


High-Frequency Transistor 


... designed for thick and thin-film circuits using surface mount components 
and requiring low-noise, high-gain signal amplification at frequencies to 1.0 
GHz. 

* High Gain — Gpe = 17 dB Typ @ f = 450 MHz RF AMPLIFIER 


° Low Noise — NF = 2.5 dB Typ @ f = 450 MHz NeW CUeON 





MAXIMUM RATINGS 
Rating 





Total Device Dissipation, Ta = 25°C* 
Derate above 25°C 
Storage Temperature 


Thermal Resistance Junction 
to Ambient* 
CASE 318-07, STYLE 6 


* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. SOT-23 
DEVICE MARKING LOW PROFILE 


(TO-236AA/AB) 
MMBRS031LT1 = 7G 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


a 
OFF CHARACTERISTICS 

[Galore reatdow Volpe (G=TOnadeg=0) ‘| Vanco] 0 [ — | ve 
Galeor sas Breakdown Vlage (¢=001 madeie=0) | Veryono | © [=| ve 
[EnirSsoBreakdonn Volpe = 001 madeio=®) | Weneso | 80 | — | ve 
[ Galedercuoh Coron ea=60Vieie=0) Siew] | 
ON CHARACTERISTICS 

SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, VCE = 6.0 Vde, f = 100 MHz) 















Collector-Base Capacitance 
(VCE = 6.0 Vde, IE = 0, f = 0.1 MHz) 


Noise Figure 
(Ic = 1.0 mAdc, VcE = 6.0 Vde, f = 450 MHz) 


Common-Emitter Amplifier Power Gain 
(Ic = 1.0 mAdc, VcE = 6.0 Vde, f = 450 MHz) 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
NPN Silicon MMBR5179LT1 
High-Frequency Transistor 


. .. designed for small-signal amplification at frequencies to 500 MHz. 
Specifically packaged for use in thick and thin-film circuits using surface mount 


components. 

* High Gain — Gpe = 15 dB Typ @ f = 200 MHz RF peep cbonleal 
e Low Noise — NF = 4.5 dB Typ @ f = 200 MHz i icy rs aLIGON 
MAXIMUM RATINGS 






[Rating YS 











| ColectorEmitervorage | Vogo | 2 | vee. 
F Cotectorbase votage | Vogo [20 | vac 
veso | 2s | vee 
F cotector Gurent—Coniruous [ic [50 | made | 







Operating and Storage Junction TJ: Tstg —55 to +150 °C 
Temperature Range 


THERMAL CHARACTERISTICS 
Synbo [__ wax | 
Total Device Dissipation, Ta = 25°C* Rat aS 
Derate above 25°C 
7 


Thermal Resistance Junction ReJA 
to Ambient* CASE 318-07, STYLE 6 


* Package mounted on 99.5% alumina 10 x 8 x 0.6 mm. SOT-23 


LOW PROFILE 
DEVICE MARKING . (TO-236AA/AB) 
MMBR5179LT1 = 7H 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 





Collector-Emitter Breakdown Voltage (Ic = 3.0 mAdc, Ip = 0) 
Collector-Base Breakdown Voltage (Ic = 0.01 mAdc, IE = 0) 








a] 
ON CHARACTERISTICS 
[26 Curent Gan ig=S0 made VoE= TOV) —__———SCSC~dCi | | 
Collector-Emitter Saturation Voltage (Ic = 10 mAde, Ip = 1.0 mAdc) | Voesay | — | 
[ voeten | = | 


SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 5.0 mAdc, VoE = 6.0 Vde, f = 100 MHz) 


Collector-Base Capacitance (Vcp = 10 Vde, IE = 0, f = 0.1 to 1.0 MHz) 


Small-Signal Current Gain (Ic = 2.0 mAdc, VcE = 6.0 Vde, f = 1.0 kHz) 
Noise Figure (ic = 1.5 mAdc, VcE = 6.0 Vdc, Rg = 50 Q, f = 200 MHz) 


Common-Emitter Amplifier Power Gain 
(VCE = 6.0 Vde, Ic = 5.0 mAde, f = 200 MHz) 
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MOTOROLA 


m= SEMICONDUCI ys 
TECHNICAL DATA 


PNP Silicon MPS536 
High-Frequency Transistors MMBR536LT1 


. . this high current gain-bandwidth transistor makes an excellent RF amplifier 
and oscillator. It is available in the surface mount SOT-23 as well as the popular 
TO-92 low cost plastic packages. 


e High Current Gain-Bandwidth Product 


I¢ =-30 mA 
fr = 5.5 GHz (Typ) @ Ic =-20 mA — MMBRS536L foWNOIEE 
ft = 4.5 GHz (Typ) @ IG = -20 mA — MPS536 HIGH-FREQUENCY 
e High Gain TRANSISTORS 


GNF = 14 GB (Typ) 
e Low Collector-Base Capacitance 

Cob = 0.8 pF (Typ) @ Vcp =—5.0 Vde 
e Tape and Reel Packaging Options 


MAXIMUM RATINGS 













CASE 29-04, STYLE 2 
TO-92 
MPS536 


Collector-Emitter Voltage VCEO 


Collector-Base Voltage VcBoO 
Emitter-Base Voltage E80 


Collector Current — Continuous 


Power Dissipation @ Ta = 25°C ro 









ae 
[20 [ 0 ma | 


Derate above 25°C 
Storage Temperature | Tstg | g -65 to +150 | -65 to +150 
* Free air = CASE 318-07, STYLE 6 
SOT-23 
DEVICE MARKING LOW PROFILE 





MMBR536L 
MMBRS36LT1 = 7R 


ELECTRICAL CHARACTERISTICS (Tc =25°C *For both package types unless otherwise noted.) 


[characteris ————————«dSSombot [mine [wax [ont 
OFF CHARACTERISTICS 
Vanco | 9 [ — | - | | 











Collector-Emitter Breakdown Voltage (Ic = —2.0 mA, Ip = 0) 


[ GaleerBare ation Vago (o= 1009-0) | Weaneeo | 8 |= [=| 
EriterSae Beatson Voiape(g=—T0uAto=0 | Wanseo | #8 | — | — | ve 
| Colecer OacCurentVoa=~10Ves.ie=0) | tao — | =| = | mae 
ON CHARACTERISTICS 

DYNAMIC CHARACTERISTICS 


Current Gain-Bandwidth Product MPS536 
(I¢ = -20 mAdc, VcgE =—5.0 Vde, f = 1.0 GHz) MMBR536L 


Collector-Base Capacitance 
(VoB =—5.0 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Gain @ Noise Figure f= 500 MHz 
(I¢ = -10 mAdc, Voge =—5.0 Vdc) f= 1.0 GHz 


Noise Figure f = 500 MHz 





(Ip =-10 mAde, Vog =—5.0 Vdc) f= 1.0 GHz 
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f7, CURRENT-GAIN — BANDWIDTH PRODUCT (GHz) 
GAmax» MAXIMUM AVAILABLE GAIN (dB) 





Ic, COLLECTOR CURRENT (mA) f, FREQUENCY (GHz) 
Figure 1. Current Gain-Bandwidth Product Figure 2. Maximum Available Gain (GAmax) 
versus Collector Current versus Frequency 
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Figure 3. Maximum Unilateral Gain (GUmax) and Figure 4. Maximum Unilateral Gain (GUmax) and 
Insertion Gain (ISo1I2) versus Frequency Insertion Gain (IS2112) versus Frequency 
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MPS536 










C jbo, INPUT CAPACITANCE (pF) 





Cobo» Cop, OUTPUT CAPACITANCE (pF) 





0 = 4 -6 -8 -10 
Vpe, BASE-EMITTER VOLTAGE (Vdc) Vcp, COLLECTOR-BASE VOLTAGE (Vdc) 
Figure 7. Input Capacitance versus Figure 8. Output Capacitance versus 
Emitter-Base Voltage Collector-Base Voltage 
MMBR536L MMBR536L 


C jbo, INPUT CAPACITANCE (pF) 
Cobo: Gch, OUTPUT CAPACITANCE (pF) 





Vee, BASE-EMITTER VOLTAGE (Vdc) Vcp, COLLECTOR-BASE VOLTAGE (Vdc) 
Figure 9. Input Capacitance versus Figure 10. Output Capacitance versus 
Emitter-Base Voltage Collector-Base Voltage 
MOTOROLA RF DEVICE DATA MPS536eMMBR536LT1 
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Figure 10. Input/Output Reflection Coefficient Figure 11. Forward/Reverse Transmission 
versus Frequency Coefficients versus Frequency 
VcE =—10 V, Ic =-10 mA VcE =-10 V, Ic =-10 mA 





MPS536 
Table 1. Common Emitter S-Parameters 
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MMBR536L MMBRS536L 





Figure 12. Input/Output Reflection Coefficient Figure 13. Forward/Reverse Transmission 
versus Frequency Coefficients versus Frequency 
VCE =—10 V, Ic =-10 mA VcE =-10V, Ic =-10 mA 





MMBR536L 
Table 2. Common Emitter S-Parameters 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


MPS571 
The RF Line MMBR571LT1 


NPN Silicon MRF5711LT1 
High-Frequency Transistors 


. .. designed for low noise, wide dynamic range front-end amplifiers and 
low-noise VCO’s. Available in a surface-mountable plastic package, as well as 


Ic = 80 MA 
the popular TO-226AA (TO-92) package. This Motorola series of small-signal cow NOISE 
plastic transistors offers superior quality and performance at low cost. HIGH-FREQUENCY 


e High Gain-Bandwidth Product TRANSISTORS 
fT = 8.0 GHz (Typ) @ 50 mA (MMBRS571LT1) 
f7 = 7.5 GHz (Typ) @ 50 mA (MRF§711LT1) 
e Low Noise Figure 
NF = 2.0 dB (Typ) @ f = 500 MHz (MMBR571LT1) 
NF (matched) = 1.6 dB (Typ) @ f = 1.0 GHz (MRF5711LT1) 
e High Gain 
GNF = 17 dB (Typ) @ 30 mA/500 MHz (MMBR571LT1) 
e High Power Gain 


ASE 318A-05, STYLE 1 
Gpe (matched) = 13.5 dB (Typ) (MRF5711LT1) a esanets 
e State-of-the-Art Technology LOW PROFILE 
Fine Line Geometry MRF5711LT1 


lon-Implanted Arsenic Emitters 
Gold Top Metallization and Wires 
Silicon Nitride Passivation 


MAXIMUM RATINGS 


[Rating Symbol | ale 
Collector-Emitter Voltage VCEO | 10 | Vde 
Coilector-Base Voltage VCBO | 20 | Vde 
Vde 

MPS571, MMBR571LT1 


20__| vae_| 
Emitter-Base Voltage MPS571,MMBRS571LT1 | Vepo 
MRF5711LT1 
Ic 
80 
MRF5711LT1 70 
Power Dissipation @ Ta = 25°C MPS571 625 mw 
MMBR571LT1 200 
(Free Air) 
Total Device Dissipation @ Ta = 25°C 0.58 Watts 
Derate above 25°C MRF5711LT1 4.64 mw/rc 
0.58 Watts 
7.73 mWw/°c 
; 
THERMAL CHARACTERISTICS 
Symbol 


Total Device Dissipation (1) @ Tc = 75°C 
Thermal Resistance, Junction to Ambient RoJA 216 °C/W 
MRF5711LT1 















CASE 29-04, STYLE 2 
TO-226AA 
(TO-92) 
MPS571 


Collector Current — Continuous 


CASE 318-07, STYLE 6 
SOT-23 
LOW PROFILE 
MMBR571LT1 


Storage Temperature MPS571, MMBR571LT1 


MRFS5711LT1 





Derate above 75°C MRF5711LT1 














Thermal Resistance, Junction to Case °C/W 
MRF5711LT1 
DEVICE MARKING 
| MMBR571LT1 = 7X MRF5711LT1 = 02 
| 
MPS571e¢MMBR571LT1eMRF5711LT1 MOTOROLA PF DEVICE DATA | 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[_________crwastvate | Symbol [win we [Wor [Unt 
OFF CHARACTERISTICS 

[Coleco Enter Breakionn Volpe (g=T0mATa=0) _——‘[Veneeo[ 0 | @ | — | ve | 
| Golocr Bese Bankion Voge (g=01mAg=@) —‘[Venyoeo | 2 [| — | — | ve 
[Entra Breatdown Volago((e=80yAdelo=0) | Veyeso | 28 | — | — | ve 
| Colocer Oot Curent (Veg =80VGeie=0) Si —stsso | | = | | oe | 
ON CHARACTERISTICS 

[D6 Curent Gan ig=e0 mada Ver=sOVe)——=S~SC~C~*idSCia i” 
DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(Vcp = 10 Vde, IE = 0, f = 1.0 MHz) MPS571, MMBRS71LT1 
(Vcp = 6.0 Vde, IE = 0, f = 1.0 MHz) MRF5711LT1 


Current Gain-Bandwidth Product MPS571 
(VcE = 5.0 Vde, Ic = 50 mAdc, f= 1.0GHz) MMBR571LT1 
(VCE = 8.0 Vde, Ic = 50 mAdc, f= 1.0GHz) MRF5711LT1 


FUNCTIONAL TESTS 






Gain @ Noise Figure 
(I¢ = 10 mAdc, VcE = 5.0 Vde) MPS571 f=0.5 GHz 
f= 1.0 GHz 
MMBR8571LT1 f = 0.5 GHz 


f= 1.0 GHz 
(Ig = 10 MA, VoE = 6.0 Vdc) MRFS711LT1 f= 1.0 GHz 


Noise Figure 
(Ig = 10 mAdc, VogE = 5.0 Vde) MPS571 f=0.5 GHz 
f= 1.0 GHz 
MMBR8571LT1 f = 0.5 GHz 
f= 1.0 GHz 
(Ic = 10 MAdc, VcE = 6.0 Vdc) MRF5711LT1 f= 1.0 GHz 


Noise Figure 
(VcE = 6.0 V, Io = 10 mA, f= 1 .0 GHz) MRF5711LT1 





TYPICAL CHARACTERISTICS 
MPS571, MMBR571LT1 


TT ar a 
By 7 ea 
OF aS a hes 
A i LA 
i ese 
ie 


GaAMAX, MAXIMUM AVAILABLE GAIN (dB) 
Oo 
Saene0/200 
i 


ft, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 





0.4 0.6 1 2 neser | : 0 20° «30 60 70 80 90 100 
f, FREQUENCY (GHz) lo, sated CURRENT (mA) 
Figure 1. Maximum Available Gain Figure 2. Current Gain-Bandwidth versus 
versus Frequency Collector Current @ 1.0 GHz 
MOTOROLA RF DEVICE DATA MPS571eMMBR571LT1eMRF5711LT1 | 
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TYPICAL CHARACTERISTICS 


MPS571, MMBR571LT1 


SOT-23 MMBR571LT1 


TO-92 MPS571 





aes 
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(4d) SONVLIOVYO LNdNI tO 


a BASE-EMITTER VOLTAGE (Vdc) 


Vpe, BASE-EMITTER VOLTAGE (Vdc) 


Figure 4. Input Capacitance versus 
Emitter Base Voltage 


Figure 3. Input Capacitance versus 
Emitter Base Voltage 
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Figure 6. Output Capacitances versus 


Figure 5. Output Capacitances versus 


Collector-Base Voltage 


Collector-Base Voltage 
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(ap) SYNDId ASION LV NIVO ‘SN 


Ic, COLLECTOR CURRENT (mA) 
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Figure 8. Gain at Noise Figure versus 


Figure 7. Gain at Noise Figure versus 


Collector Current 
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TYPICAL CHARACTERISTICS 
MPS571, MMBRS71LT1 


TO-92 MPS571 SOT-23 MMBR571LT1 
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Figure 9. Noise Figure versus Collector Current Figure 10. Noise Figure versus Collector Current 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 


Gyr. GAIN (dB) 


t, FREQUENCY (GHz) 


Figure 18. Gain and Noise Figure 
versus Frequency ; 


GNF, GAIN (dB) 


ic, COLLECTOR CURRENT (mA) 


Figure 20. Gain and Noise Figure 
versus Collector Current 
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GUmaxAND [So1l2, GAIN (dB) 
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Figure 22. GUmax and IS24/2 
versus Frequency 


MOTOROLA RF DEVICE DATA 











MRF5711LT1 


NF, NOISE FIGURE (dB) 


F, NOISE FIGURE (dB) 


Sori? 
a Sumax= [$44 2)(1= S22) 


GF. GAIN (dB) 


fz, GAIN BANDWIDTH PRODUCT (GHz) 


[So412, INSERTION GAIN (dB) 


16 


12 








VE = 6 Vde 
f=1GHz 
CKT = FIGURE 3 


NF, NOISE FIGURE (dB) 


Ic, COLLECTOR CURRENT (mA) 


Figure 19. Gain and Noise Figure 
versus Collector Current 
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Figure 21. Gain Bandwidth Product 
versus Collector Current 
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Figure 23. Insertion Gain versus 
Collector Current 
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MPS571 





Figure 24. Input/Output Reflection Coefficients Figure 25. Forward/Reverse Transmission 
versus Frequency Coefficients versus Frequency 
VcE = 5.0 V, Ic = 30 mA VcE = 5.0 V, Ic = 30 mA 





Table 1. MPS571 Common Emitter S-Parameters 


norms Ar SOS SSS SSS SSE VS TN 
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MMBR571LT1 


180° 





Figure 26. Input/Output Reflection Coefficients Figure 27. Forward/Reverse Transmission 
versus Frequency Coefficients versus Frequency 
VcE = 5.0 V, Ic = 30 mA VcE = 5.0 V, Ic = 30 mA 





Table 2. MMBR571LT1 Common Emitter S-Parameters 
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Figure 29. MRF5711LT1 Constant Gain and noise Figure Contours 
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Table 3. MRF5711LT1 Common Emitter S-Parameters 





MOTOROLA RF DEVICE DATA MPS571eMMBR571LT1eMRF5711LT1 
2-67 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line MPS901 
NPN Silicon 


High-Frequency Transistor 


. .. designed primarily for use in high-gain, low-noise, small-signal amplifiers. 


e High Current-Gain — Bandwidth Product — ff = 4.5 GHz (Typ) Fe bla 
@ Io = 15 mAdc TRANSISTOR 
e High Power Gain — Gpe = 12 dB (Typ) @ f = 900 MHz NPN SILICON 





e Low Noise Figure — NF = 2.4 dB (Typ) @ f = 900 MHz 
e Low Feedback Capacitance — Cob = 0.5 pF (Typ) @ Veb = 10 V 
e Die Source Same as MRF901 


CASE 29-04, STYLE 2 








TO-226AA 

MAXIMUM RATINGS 
Rating TS Vane 
[ colectorEmitervotage—SSSCSCSC~“‘~‘~‘irC‘ SCS 
a aa 

Collector Current — Continuous Pic | 80m 

Total Device Dissipation @ Tc = 25°C 

Derate above 25°C 
Ty 

THERMAL CHARACTERISTICS 
[aracteriatic «dmb Mak CU 
[ Therial Resistance, Junclonto Ambient _———~—SCSC~C~SCS~dCSR | OO SC«dC 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Gharacterstic «dT Symbot [in [typ | Max (Unit— 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 1.0 mAdc, Ip = 0) 


Collector-Base Breakdown Voltage 
(Ic = 0.1 mAde, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.1 mAdc, Ic = 0) 


Collector Cutoff Current 
(Vop = 15 Vde, IE = 0) 





(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


ON CHARACTERISTICS 
DC Current Gain hee 
(Ic = 10 mAdc, VcE = 10 Vdc) 
DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product’ 
(Ic = 15 mAde, VcE = 10 Vde, f = 1.0 GHz) 


Collector-Base Capacitance 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 


Noise Figure (Figure 1) 


(Ic = 5.0 mAde, VcE = 10 Vde, f = 900 MHz) 








RF INPUT 


SLUG TUNER BIAS 


TEE 












BIAS 
TEE 


SLUG TUNER 


Figure 1. 900 MHz Test Circuit Schematic 


ft, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 





0 4 8 12 16 20 24 28 
Ic, COLLECTOR CURRENT (mA) 


Figure 2. Current Gain-Bandwidth Product 
versus Collector Current 
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Gamax, MAXIMUM AVAILABLE GAIN (dB) 
S211, INSERTION GAIN (dB) 





0 5 10 15 20 25 30 
Ic, COLLECTOR CURRENT (mA) f, FREQUENCY (GHz) 
Figure 3. Maximum Available Gain Figure 4. |So4I2 versus Frequency 
versus Collector Current 
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Figure 5. Noise Figure versus Collector Current Figure 6. Noise Figure versus Frequency 
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Table 2. Common Emitter S-Parameters, VcE = 10 V 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


i MPS911 
The RF Line 
NPN Silicon MMBR911LT1 


High-Frequency Transistors 


. .. designed for low noise, wide dynamic range front-end amplifiers and 


Ico = 60 mA 
low-noise VCO’s. Available in a surface-mountable plastic package, as well as ow NOISE 
the popular TO-226AA (TO-92) package. This Motorola series of small-signal HIGH-FREQUENCY 
plastic transistors offers superior quality and performance at low cost. TRANSISTORS 





¢ High Gain-Bandwidth Product NPN SILICON 
fT = 7.0 GHz (Typ) @ 30 mA 
e Low Noise Figure 
NF = 1.7 dB (Typ) @ 500 MHz 
e High Gain 
GneF = 17 dB (Typ) @ 10 mA/500 MHz 
e State-of-the-Art Technology 
Fine Line Geometry 
lon-Implanted Arsenic Emitters CASE 29-04, STYLE 2 
Gold Top Metallization and Wires TO-226AA 


oye faa paar (TO-92) 
Silicon Nitride Passivation spss} 


CASE 318-07, STYLE 6 
SOT-23 
LOW PROFILE 
MMBR911L 





MAXIMUM RATINGS 


[Symbot_[_MPSeTT _ [ MMBROTTLTT 
Collector-Emitter Voltage | Veco [| 2 
Collector-Base Voltage | Vepo [| as 
Emitter-Base Voltage = aaa 

a a 


Collector Current — Continuous le. | 


Io 
Power Dissipation @ Ta = 25°C 200 
(Free Air) 
Storage Temperature : —55 to +150 


DEVICE MARKING 





[on] 


MMBR911LT1 = 7P 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Pp Chracterietio | Symon Tye] Mae Unt 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 1.0 mA, Ip = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 0.1 mA, IE = 0) : 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.1 mA, Ig = 0) 

Collector Cutoff Current IcBo nAdc 
(Vc = 15 Vde, IE = 0) 






ON CHARACTERISTICS 
DC Current Gain hrE 
(ic = 30 mAde, VcE = 10 Vde) 
DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(VoB = 10 Vde, IE = 0, f = 1.0 MHz) 


Current Gain-Bandwidth Product 
(VCE = 10 Vde, I¢ = 30 mAdc, f = 1.0 GHz) MMBR911LT1 


FUNCTIONAL TESTS 





Gain @ Noise Figure 
(I¢ = 10 mAdc, VCE = 10 Vdc) MPS911 f=0.5 GHz 


f=1.0 GHz 
MMBROQ11LT1 f= 0.5 GHz 
f=1.0 GHz 









Noise Figure 
(I¢ = 10 mAdc, Voge = 10 Vde) + MPS911 f=0.5 GHz 
f= 1.0 GHz 

MMBR911LT1 f= 0.5 GHz 

f= 1.0 GHz 
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Ic, COLLECTOR CURRENT (mA) 


Figure 1. Current Gain-Bandwidth versus 
Collector Current @ 1.0 GHz 
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Figure 4. Output Capacitances versus Figure 5. Output Capacitances versus 
Collector-Base Voltage Collector-Base Voltage 
TO-92 MPS911 SOT-23 MMBR911LT1 


Gn, GAIN AT NOISE FIGURE (dB) 
Gn, GAIN AT NOISE FIGURE (dB) 





Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
Figure 6. Gain at Noise Figure versus Figure 7. Gain at Noise Figure versus 
Collector Current Collector Current 
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TO-92 MPS911 
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Figure 10. Gain at Noise Figure and Noise 
Figure versus Frequency 
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Figure 12. Maximum Unilateral Gain and 
Insertion Gain versus Frequency 
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NF, NOISE FIGURE (dB) 
Gn, GAIN AT NOISE FIGURE (dB) 


NE, NOISE FIGURE (dB) 


GiMAX AND |Spq|2 (dB) 


SOT-23 MMBR911LT1 


Ic, COLLECTOR CURRENT (mA) 


Figure 9. Noise Figure versus Collector Current 
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Figure 11. Gain at Noise Figure and Noise 
Figure versus Frequency 
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Figure 13. Maximum Unilateral Gain and 
Insertion Gain versus Frequency 
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‘T0-92 MPS911 





Figure 14. Input and Output Reflection Coefficients Figure 15. Forward and Reverse Transmission 
versus Frequency Coefficients versus Frequency 
VcE = 10 V, Ic = 30 mA VcE = 10 V, Ic = 30 mA 





Table 1. Common Emitter S-Parameters 
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SOT-23 MMBR911LT1 





Figure 16. Input and Output Reflection Coefficients Figure 17. Forward and Reverse Transmission 
versus Frequency Coefficients versus Frequency 
VcE = 10 V, Ic = 30 mA VcE = 10 V, Ic = 30 mA 





Table 2. Common Emitter S-Parameters 
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MOTOROLA 


= SEMICONDUCTOR So 
TECHNICAL DATA 


The RF Line MPS3866 
NPN Silicon 


High-Frequency Transistor 


Ic = 400 mA 
HIGH-FREQUENCY 
TRANSISTOR 
NPN SILICON 


MAXIMUM RATINGS 


[Catecortiervatage | Yozo |_| 
Ves [= | ve 
Ome 
io 


Total Device Dissipation @ Ta = 25°C mw 
Derate above 25°C mwrc 
Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
Operating and Storage Junction TJ, Tstg —55 to +150 
Temperature Range 
THERMAL CHARACTERISTICS 


Syba 















CASE 29-04, STYLE 1 
TO-226AA 
(TO-92) 





Thermal Resistance, Junction to Case 
| Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


ee 





OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(Ic = 5.0 mAdc, Rpg = 10 2) 

Collector-Emitter Sustaining Voltage VCEO(sus) Vde 
(Ic = 5.0 mAde, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 100 pAde, Io = 0) 

Collector Cutoff Current ICEO mAdc 
(VCE = 28 Vdc, Ip = 0) 

Collector Cutoff Current IcEX mAdc 
(VCE = 30 Vde, Vpg =-1.5 Vde (Rev.), Tc = 150°C) 
(VCE = 55 Vdc, VBE = -1.5 Vde (Rev.) 
Emitter Cutoff Current mAdc 

(VBE = 3.5 Vde, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 360 mAdc, Vog = 5.0 Vdc) (1) 5.0 
(I¢ = 50 mAdc, VcE = 5.0 Vdc) 10 


























Collector-Emitter Saturation Voltage VCE(sat) 1.0 Vde 
(Ic = 100 mAdc, IB = 20 mAdc) 


(continued) 





MPS3866 MOTOROLA RF DEVICE DATA 
2-78 





ELECTRICAL CHARACTERISTICS — continued (T, = 25°C unless otherwise noted.) 


I cen SN ee csi = ae LO es 


SMALL-SIGNAL CHARACTERISTICS 






Current-Gain — Bandwidth Product fr 
(ig = 50 mAdc, Vcg = 15 Vde, f = 200 MHz) 

Output Capacitance Cobo 
(Vop = 28 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TEST 


Amplifier Power Gain 
(Voc = 28 Vde, Pout = 1.0 W, f = 400 MHz) 









Collector Efficiency 
(Voc = 28 Vde, Pout = 1.0 W, f = 400 MHz) 


NOTE: 
1. Pulse Test: Pulse Width < 300 1s, Duty Cycle < 2.0%. 
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MOTOROLA 


= SEMICONDUCTOR Sn 
TECHNICAL DATA 


The RF Line 
UHF Power Transistor MRA1000-7L 


... designed primarily for wideband, large-signal output and driver amplifier 
stages to 1000 MHz. 


e Designed for Class A Linear Power Amplifiers 
e Specified 19 Volt, 1000 MHz Characteristics: 
Output Power — 7.0 Watts 
Power Gain — 9.0 dB Min, Small-Signal 7.0 WATTS BROADBAND 
¢ Built-In Matching Network for Broadband Operation UHF POWER TRANSISTOR 
e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


9.0 dB, TO 1000 MHz 


MAXIMUM RATINGS 







[Rating | Symbol [vane [Unit 





Collector-Base Voltage VcBo 

VeB0 

Vowestomare EY || 
Derate above 25°C 

THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case (Tc = 70°C) 


ELECTRICAL CHARACTERISTICS 


ee 

OFF CHARACTERISTICS : 

[Coleco enter Breakdown vatage(ig=20mA tp=0 | Wenpoco | | — | — | ve | 
| alector iter Breakdown Votage (c= 20mA Vee=0) | Weryoes | 50 | _— | — | vee _| 
[ GalecorBase Breakdown vetage(lo=20mA1e=0) | Wepryoso | 80 | — | — | vw _] 


CASE 145D, STYLE 1 








[closer Cue CunentVop=19Vie=-0 + too | — | 

ON CHARACTERISTICS 

[ bo Guren'Gain(io=-t0AVor=50M ——SsS—Sid Se [| | - | © | - | 
DYNAMIC CHARACTERISTICS 

[ OuputCapactance Vou=24Viie=ot=towee |» [| - | - | # | | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Small-Signal Gain 
(VcE = 19 V, f= 1.0 GHz, Ic = 1.2 A) 
Load Mismatch 


(VCE = 19 V, Io = 1.2 A, Pout = 7.0 W, f = 1.0 GHz, No Degradation in Output Power 
Load VSWR = ce:1, All Phase Angles) 


Overdrive (VCE = 19 V, Ic = 1.2 A, f= 1.0 GHz) Pinover 
(No degradation) 

Output Power, 1.0 dB Compression Point Poi dB 7.0 
(VCE = 19 V, f= 1.0 GHz, Ig = 1.2 A) 
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TYPICAL CHARACTERISTICS 





Voc = 19 V, Po =7.0W 
Table 2. Zjy and Zo_* versus Frequency 








: 
é 
2 
E 
i 
e 
06 8608 
Pin, INPUT POWER (WATTS) Vc = 19 V, Po = 7.0 W, Zo = 50 Ohms 
Figure 3. Power Output versus Power Input Figure 4. Series Equivalent Input/Output 
Impedance 
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RF 
IN 
L1 —7T, 20 Gauge on 200 Mil Ferrite Torroid C8 — 33 pF ATC 
L2—7T, 20 Gauge, 100 Mil Dia. C9, C13 — 0.3-1.3 pF Johanson 
L3 — 5T, 20 Gauge, 100 Mil Dia. C10 — 6.2 pF ATC 
L4— 8T, 20 Gauge, on 200 Mil Ferrite Torroid C11 — 1.0-16 pF Johanson 
R1, R2— 15 Ohm, 1/4 Watt C12 —3.0 pF ATC 
C1, C2— 500 pF ATC C14 — 33 pF ATC 
C3 — 25 uF, Electrolytic C15 — 18 pF ATC 
C4 — 3.3 pF ATC Ti, T2—50 Ohm, ¢ = 2000 Mils 
C5 — 5.6 pF ATG Z1 — 12.5 Ohm, ¢ = 914 Mils, 32 Mil, Teflon (er = 2.55) 
C6 — 1.6 pF ATC Z2 — 12.5 Ohm, ¢ = 2392 Mils, 32 Mil, Teflon (ey = 2.55) 
Sie PCAe Figure 5. 1.0 GHz Test Circuit 
VSUPPLY 
Vec 
VBIAS 
Figure 6. Bias Circuit 
MRA1000-7L MOTOROLA RF DEVICE DATA 
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(Not to Scale) 





Board Material = 1/32”, Glass Teflon, K = 2.55 


Figure 7. Test Circuit Mask 
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MOTOROLA 


= SEMICONDUCTOR xs 
TECHNICAL DATA 


The RF Line MRA1000-14L 
UHF Power Transistor 


. .. designed primarily for wideband, large-signal output and driver amplifier 
stages to 1000 MHz. 


e Designed for Class A Linear Power Amplifiers 


* Specified 19 Volt, 1000 MHz Characteristics: Pi prepuna tabitems 


UHF POWER TRANSISTOR 


Output Power — 14 Watts 
Power Gain — 8.0 dB, Small-Signal 


Built-In Matching Network for Broadband Operation 
e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 


Symbol | 
KC) ae ae 
LS aaa aa 
Emitter-Base Voltage 
tes Bde 


ec ee 
0.48 
aa an Baar ae! 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Operating Junction Temperature TJ 





Storage Temperature Range 
THERMAL CHARACTERISTICS 


Symbol [werd] 
reso [| 21 | ow _| 
ELECTRICAL CHARACTERISTICS 

OS 
OFF CHARACTERISTICS 













[Golesi Breakdom Volpe (G=25mATa=O | Vamcco | [— [| — |= 
coterie Beatdown Voge (G=28mAVeE=0) | Veryoes | 5 | _— | _— | ve 
Cote aco Breakdown Vtage(o=28mAle=0) | Weroso | = | _— | — | ve 
[EritecSeee Saldownvitagoig=E0mAI¢=0) | Versa | 88 | _— | — | ve 





[Coteau Canen'Wen=18Vsie=o) | _tes0 | — | — || mae 
ON CHARACTERISTICS 
[ac CurenGanio=1oAVer=soW «dt we] = | - |» | ——] 
; (continued) 
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ELECTRICAL CHARACTERISTICS — continued 


ee 


DYNAMIC CHARACTERISTICS 
Out Capactance Voa=2tvie=0tatour) | ee [| —- | - | *® | * | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Small-Signal Gain 
(VCE = 19 V, Pin = 1.0 mW, f = 1.0 GHz, Ig = 2.4 A) 


Load Mismatch 
(VCE = 19 V, Ic = 2.4 A, Pout = 14 W, f = 1.0 GHz, ; No Degradation in Output Power 
Load VSWR = 00:1, All Phase Angles) 


Overdrive (VCE = 19 V, Io = 2.4 A, f= 1.0 GHz) Pinover 7.0 
(No degradation) 

Output Power, 1.0 dB Compression Point Poi dB 
(cE = 19 V, f = 1.0 GHz, Ic = 2.4 A) 





TYPICAL CHARACTERISTICS 


Po =14W 
Se __| 


= 
o 







o 





Zin SERIES INPUT IMPEDANCE (OHMS) 
Zoi’, SERIES OUTPUT IMPEDANCE (OHMS) 





800 850 900 950 1000 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Input Impedance versus Frequency Figure 2. Output Impedance versus Frequency 





Table 1. Common Emitter S-Parameters 
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MOTOROLA 


= SEMICONDUCTOR 2x 
TECHNICAL DATA 


The RF Line MRA1417-6 
Microwave Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier 
stages in the 1.4 to 1.7 GHz frequency range. 


e Designed for Class C, Common Base Power Amplifiers 


7.0 to 8.0 dB 
e Specified 28 Volt, 1.7 GHz Characteristics: 1.4 to 1.7 GHz 
Output Power — 2.0 to 25 Watts 2.0 TO 25 WATTS BROADBAND 
Power Gain — 7.0 to 8.0 dB Min MICROWAVE POWER TRANSISTOR 


Collector Efficiency — 40 to 45% Min 
e Built-In Matching Network for Broadband Operation 
e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


MAXIMUM RATINGS 


[ating Symbor [Vatow | Ont] 


CASE 394, STYLE 1 
(MRA .25) 


i a ee oe 
THERMAL CHARACTERISTICS 
SS 
Thermal Resistance, RF, Junction to Case 


ELECTRICAL CHARACTERISTICS 





Pp wactortatio | Smbot fin |e | Mex] 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 40 mA, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ig = 0.5 mA, Ic = 0) 


Collector Cutoff Current 
(Vos = 28 V, IE = 0) 


ON CHARACTERISTICS 
DC Current Gain 100 
(Ic = 0.2 A, VCE = 5.0 V) ‘ 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob pF 
(VcB = 28 V, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VCE = 28 V, Pout = 6.0 W, f= 1.4 & 1.7 GHz) 


Collector Efficiency 





(VCE = 28 V, Pout = 6.0 W, f= 1.4 & 1.7 GHz) 
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TYPICAL CHARACTERISTICS 
MRA1417-6 — 6.0 WATTS BROADBAND 


Poyt POWER OUTPUT (WATTS) 
Tie. EFFICIENCY (2%) 





f, FREQUENCY (GHz) {, FREQUENCY (GHz) 


Figure 1. Power Output versus Frequency Figure 2. Efficiency versus Frequency 





Figure 3. Series Equivalent Input/Output Impedance 
Vcc = 28 V 
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The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than +10% to the 
theoretical prediction for metal failure. Sample MTTF caicula- 
tions based on operating conditions are included below. 





MTTF FACTOR (106 HRS. X AMP2) 





Board material: 18 mil dielectric thickness teflon fiberglass. 
70 90 Tio 130 150 170 190 210 *Ground through to backside ground plane. 
Ty, JUNCTION TEMPERATURE (°C) . (1) Bypass 100 pF chip capacitor. 


'2) Voc bypassed by 0.1 F chip and 5.0 uF electrolytic. 
Figure 4. MTTF Factor Seene ala aaa is A 
(Normalized to 1.0 Ampere2 Continuous Duty) Figure 5. Test Circuit Boards (Not to Scale) 
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MOTOROLA 


= SEMICONDUCTOR nn 
TECHNICAL DATA 


The RF Line MRAL1720-20 
Microwave Power Transistor 


. .. designed primarily for wideband, large-signal output and driver amplifier 
stages in the 1.7 to 2.0 GHz frequency range. 


e Designed for Class C, Common Base Power Amplifiers 


6.0 to 7.5 dB 
e Specified 22 Volt, 2.0 GHz Characteristics: 1.7 to 2.0 GHz 
Output Power — 2.0 to 20 Watts 2.0 TO 20 WATTS BROADBAND 
Power Gain — 6.0 to 7.5 dB Min MICROWAVE POWER TRANSISTOR 


Collector Efficiency — 35 to 40%, Min 
¢ Built-In Matching Network for Broadband Operation 
e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


MAXIMUM RATINGS 


Collector Current — Continuous fo 80 4 Adc 
Operating Junction Temperature 200 
—65 to +150 °C 


CASE 394, STYLE 1 





THERMAL CHARACTERISTICS 
Sc 
| Thommal Resistance, AR aunsiontoGase ———SSCSCSC~“~*~rCS eC 
ELECTRICAL CHARACTERISTICS 


[Charani «CS [in 


OFF CHARACTERISTICS 









Collector-Emitter Breakdown Voltage V(BR)CES 42 Vde 
(Ic = 160 mA, VBE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.5 Vde 
(IE = 2.0 mA, Ic = 0) 
Collector Cutoff Current ICBO 4.0 mAdc 
(VcB = 22 V, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain hFe 10 
(ic = 0.8 A, VcE = 5.0 V) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cop ra = 
(Vos = 28 V, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 
(VCE = 22 V, Pout = 20 W, f = 1.7 & 2.0 GHz) 
Collector Efficiency Ne % 
(VCE = 22 V, Pout = 20 W, f= 1.7 & 2.0 GHz) 


NOTE: 
1. Not measurable because of output matching network. 
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TYPICAL CHARACTERISTICS 
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Pout, POWER OUTPUT (WATTS) 
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17 1.8 19 2 
f, FREQUENCY (GHz) 


Figure 1. Power Output versus Frequency Figure 2. Series Equivalent Input/Output Impedance 
Voc =22V 


Te EFFICIENCY (%) 





{, FREQUENCY (GHz) 


Figure 3. Efficiency versus Frequency 
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The graph shown below displays MTTF in hours x ampere 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than +10% to the 
theoretical prediction for metal failure. Sample MTTF caicula- 
tions based on operating conditions are included below. 


MTTF FACTOR (108 HRS. X AMP2) 





0.001 LT 
70 90 110 130 150 170 190 210 


Ty, JUNCTION TEMPERATURE (°C) 


Figure 4. MTTF Factor versus Junction Temperature 








-— 1” af 
N A 


(1) Bypass capacitor to ground (100 pF ceramic chip). 2) C2, C3, C4 = 120 pF 
(2) Use Voc bypass of 100 pF chip, 0.1 pF chip and 5.0 WF. 3) C6 = 100 pF (ATC) 
Board material 0.020 inch glass teflon e, = 2.55. 4) C7 = 50 pF 50 WV Electrolytic 
5) * = 1.0 mil Shim thru ground plane 
6) Material = Glass/Teflon 
&p = 2.55 
Thickness = .020 in. 
1.0 oz copper 


Figure 5. Test Circuit Board Photomaster (Not to Scale) 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line MRAL2023-3 
Microwave Power Transistors MRAL2023-6 


. designed primarily for wideband, large-signal output and driver amplifier 

stages in the 2.0 — 2.3 GHz frequency range. 
e Designed for Class C, Common Base Power Amplifiers 
e Specified 22 Volt, 2.3 GHz Characteristics: 

coe awe 215 fe ae 20-28 Ge 

ower Gain — 6.8 to 8. in 

Collector Efficiency — 35 to 40% Min Life Piece Utah ap lacoste 
Built-In Matching Network for Broadband Operation 
e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


MICROWAVE POWER TRANSISTORS 


MAXIMUM RATINGS 


ee 
[GotecorBesevetape «| Woes | dV 
[EriterSese vote _————~+| ven | 88 | vee 


Operating Junction Temperature -2-betoH 
Storage Temperature Range ~—65 to +150 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 





CASE 394, STYLE 1 
(MRA .25) 
°C/W 





D 
2 
re) 


a 
OFF CHARACTERISTICS 








Collector-Emitter Breakdown Voltage 


V(BR)CES Vde 
(Ig = 20 mA, VBE = 0) MRAL2023-3 © 
(I¢ = 50 mA, VBE = 0) MRAL2023-6 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 0.4 mA, Ic = 0) MRAL2023-3 
(IE = 1.0 mA, Ig = 0) MRAL2023-6 
Collector Cutoff Current MRAL2023-3 IcBO mAdc 
(Vc = 22 V, ig = 0) MRAL2023-6 
ON CHARACTERISTICS 
DC Current Gain 


(lg = 0.2 A, VoE = 5.0 V) MRAL2023-3 
(Ic = 0.5 A, VCE =5.0 V) MRAL2023-6 


DYNAMIC CHARACTERISTICS 


Output Capacitance MRAL2023-3 
(Vop = 22 V, Ie = 0, f = 1.0 MHz) MRAL2023-6 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VCE = 22 V, Pout = 3.0 W, f = 2.0 & 2.3 GHz) | MRAL2023-3 
(VCE = 22 V, Pout = 6.0 W, f= 2.0 & 2.3GHz) MRAL2023-6 


Collector Efficiency 


















(VCE = 22 V, Pout = 3.0 W, f= 2.0&2.3GHz) MRAL2023-3 
(VCE = 22 V, Pout = 6.0 W, f= 2.08 2.3GHz) MRAL2023-6 
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TYPICAL CHARACTERISTICS 
MRAL2023-3 


Pout» POWER OUTPUT (WATTS) 





{, FREQUENCY (GHz) 


Figure 1. Power Output versus Frequency Figure 2. Series Equivalent Input/Output Impedance 
Voc =22V 


To: EFFICIENCY (%) 





f, FREQUENCY (GHz) 


Figure 3. Efficiency versus Frequency 
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TYPICAL CHARACTERISTICS 
MRAL2023-6 








a 
g 
5 
& 
3 
g 
2 . 
oe 
“2 2.05 24 2.15 22 2.25 2.3 
f, FREQUENCY (GHz) a 
Figure 4. Power Output versus Frequency Figure 5. Series Equivalent Input/Output Impedance 
: Voc =22V 
= 
3 
a 
Ss 
Ts 
a 
ra 
2.05 24 2.15 22 2.25 23 
f, FREQUENCY (GHz) 
Figure 6. Efficiency versus Frequency 
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The graph shown below displays MTTF in hours x ampere2 4 | 
emitter current for each of the devices. Life tests at elevated MRAL2023-3 ( | 
temperatures have correlated to better than +10% to the 

theoretical prediction for metal failure. Sample MTTF calcula- 
tions based on operating conditions are included below. 






INPUT 
10,000,000 p= 100 “el 
— b> 
q T™~ - emesis 
= 1,000,000 = aa » A 
ie = ~~ MRAL2023-6 ” - 
a 
= 3) @) 
S — 10,000 
5 OUTPUT 
& —_ 
FE 4,000 100 oft 
= CERAMIC CHIP 
1 ” 
Ooo te) 4160180 20020040 » 7 | 
Ty, JUNCTION TEMPERATURE (°C) 
Figure 7. MTTF Factor versus Junction Temperature Figure 8. Test Circuit Boards (Not to Scale) 
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MOTOROLA 


= SEMICONDUCTOR xy 
TECHNICAL DATA 


The RF Line MRAL2023-18 
Microwave Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier 
stages in the 2.0 — 2.3 GHz frequency range. 


e Designed for Class C, Common Base Power Amplifiers 


7.0 dB 
e Specified 22 Volt, 2.3 GHz Characteristics: 2.0-2.3 GHz 
Output Power — 18 Watts 18 WATTS BROADBAND 
Power Gain — 7.0 dB Min MICROWAVE POWER TRANSISTOR 


Collector Efficiency — 35%, Min 
e Built-In Matching Network for Broadband Operation 
e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


Sd 


MAXIMUM RATINGS ~ KS 

[Rating Symbot value] 

[aiecorGuneni—Coninuous Tic =| Oe | 
J 


Operating Junction Temperature | tT | 2000 | ef 
Storage Temperature Range —65 to +150 


THERMAL CHARACTERISTICS 
Rating Tine 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


pSarecteristtg OO Symbot Twine ent 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 160 mA, VBE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.5 Vde 
(IE = 2.0 mA, Ic = 0) 
Collector Cutoff Current IcBO 4.0 mAdc 
(VcB = 22 V, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain 
(Ic = 800 mA, Vcg = 5.0 V) 
FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 7.0 
(VcE = 22 V, Pout = 18 W, f = 2.0 & 2.3 GHz) 
Collector Efficiency Ne % 
(VCE = 22 V, Pout = 18 W, f = 2.0 & 2.3 GHz) 














CASE 394, STYLE 1 
(MRA .25) 



















MRAL2023-18 MOTOROLA RF DEVICE DATA 
2-96 





TYPICAL CHARACTERISTICS 


The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than +10% to the 
theoretical prediction for metal failure. Divide MTTF by I¢2 for 
MTTF in a particular application. 


MTTF FACTOR (10 HRS. X AMP2) 





70 90 110 130 150 170 190 210 
Ty, JUNCTION TEMPERATURE (°C) 











Figure 1. MTTF Factor versus Junction 
Temperature 





7 b+ 1” ——»| 


(Not to Scale) 


Board material — 0.018” dielectric thickness teflon fiberglass. 
* — Ground area to backside of board. 

C1, C2, C3 — 100 pF porcelain ceramic chip. 

C4 — 0.1 WF ceramic chip. 

C5 — 50 pF, 50 V electrolytic. 

RFC1 — 5 turns #28 AWG, ~0.125” dia. 


Figure 2. Test Circuit Boards 
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MOTOROLA 


m= SEMICONDUCTOR xx 
TECHNICAL DATA 


MRAL2327-3 


The RF Line 
Microwave Power Transistors 


. .. designed primarily for wideband, large-signal output and driver amplifier 
Stages in the 2.3 — 2.7 GHz frequency range. 


e Designed for Class C, Common Base Power Amplifiers 


MRAL2327-12 





5.5 to 6.8 dB 
e Specified 22 Volt, 2.7 GHz Characteristics: 2.3-2.7 GHz 
Output Power — 1.3 to 12 Watts 1.3 TO 12 WATTS BROADBAND 
Power Gain — 5.5 to 6.8 dB Min, Common Base MICROWAVE POWER TRANSISTORS 


Collector Efficiency — 30 to 40% Min 
Built-In Matching Network for Broadband Operation 
Gold Metallization for Improved Reliability 
Diffused Ballast Resistors 


e 


MAXIMUM RATINGS 


| Symbol | Max 
Collector-Base Voltage 
Emitter-Base Voltage | Vepo | 35 | 
Operating Junction Temperature | Ty | 200 | 
Storage Temperature Range | Tstg | -65to+150 | °C | 


THERMAL CHARACTERISTICS 
nit] CASE 394, STYLE 1 
(MRA .25) 


PSD 


Coa 
me) 





[___Charactrisio | Srmbot | 3 [2 | 
| ThomalResktanee,snaionocase | Paso | 76 | 48 [ “om 


ELECTRICAL CHARACTERISTICS 





[—haracerisio————S*dY Sambi [me [on 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 20 mA, VBE = 0) MRAL2327-3 42 
(Ic = 80 mA, VBE = 0) MRAL2327-12 42 

Collector-Base Breakdown Voltage V(BR)CBO Vdc 
(ic = 1.0 mA, IE = 0) MRAL2327-3 38 
(ic = 8.0 mA, IE = 0) MRAL2327-12 38 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(IE = 0.4 mA, IE = 0) MRAL2327-3 
(\E = 2.0 mA, IE = 0) MRAL2327-12 

Collector Cutoff Current MRAL2327-3 ICBO 
(Vcp = 22 V, IE = 0) MRAL2327-12 


ON CHARACTERISTICS 


DC Current Gain 
(Ig = 200 mA, Vog = 5.0 V) MRAL2327-3 
(Ic = 800 mA, VcE = 5.0 V) MRAL2327-12 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VCE = 22 V, Pout = 3.0 W, f = 2.7 GHz) MRAL2327-3 
(VCE = 22 V, Pout = 12 W, f = 2.7 GHz) MRAL2327-12 


Collector Efficiency 








(VcE = 22 V, Pout = 3.0 W, f = 2.7 GHz) MRAL2327-3 
(VCE = 22 V, Pout = 12 W, f= 2.7 GHz) MRAL2327-12 
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TYPICAL CHARACTERISTICS 


MRAL2327-3 





a 
E 
= 3 
a Cae 
= 3B 
= 
2 a 
ce 3 
oc i 
uu ms 
= ii 
Q é 
3 
ao 
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Figure 1. Power Output versus Frequency Figure 2. Collector Efficiency versus Frequency 


MRAL2327-12 
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f, FREQUENCY (GHz) f, FREQUENCY (GHz) 
Figure 3. Power Output versus Frequency Figure 4. Collector Efficiency versus Frequency 
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The graph shown below displays MTTF in hours x ampere 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than +10% to the 
theoretical prediction for metal failure. Divide MTTF by I¢2 for 
MTTF in a particular applications. ° 





. ___ MRAL2327-12 
pe | 


Board material — 0.018” dielectric thickness Teflon fiberglass 
* Ground through to back side of board 
C1, C3 — 100 pF porcelain ceramic chip 








C4 — 0.1 uF ceramic chip 100,00 120 140-160 180 200 220 240 
C5 — 50 pF, 50 V electrolytic Ty, JUNCTION TEMPERATURE (°C) 
RFC1 — 5 tums #22 AWG, ~0.125 dia. 
Figure 5. Circuit Boards (Not to Scale) Figure 6. MTTF Factor versus Junction 
Temperature 
MRAL2327-3eMRAL2327-12 MOTOROLA RF DEVICE DATA 
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MOTOROLA RF DEVICE DATA MRF134 





























MOTOROLA 


SEMICONDUCTOR [a 
TECHNICAL DATA 


The RF MOSFET Line MRF134 


RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 


. .. designed for wideband large-signal amplifier and oscillator applications up 


to 400 MHz range. 5.0 W, to 400 MHz 
e Guaranteed 28 Volt, 150 MHz Performance N-CHANNEL MOS 
Output Power = 5.0 Watts aca tia POWER 


Minimum Gain = 11 dB 
Efficiency — 55% (Typical) 
e Small-Signal and Large-Signal Characterization 


e Typical Performance at 400 MHz, 28 Vdc, 5.0 W 
Output = 10.6 dB Gain 


¢ 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR D 


e Low Noise Figure — 2.0 dB (Typ) at 200 mA, 150 MHz 


e Excellent Thermal Stability, Ideally Suited For Class A 
Operation 





G 


MAXIMUM RATINGS 


Drain-Source Voltage 





Drain-Gate Voltage 
(Reg = 1.0 MQ) 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





Storage Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 





2-101 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 


ceirsore emote eg=tibesied — [Vanpss [© [T= [ve] 


Zero Gate Voltage Drain Current (Vpg = 28 V, V@g = 0) 
Gate-Source Leakage Current (Vqg = 20 V, Vps = 0) 


ON CHARACTERISTICS 





DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 28 V, Vas = 0, f= 1.0 MHz) 


Output Capacitance 
(Vps = 28 V, Vag = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 28 V, Vgs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 28 Vdc, Ip = 200 mA, f = 150 MHz) 


Common Source Power Gain 
(Vpp = 28 Vde, Pout = 5.0 W, Ipq = 50 mA) 
f = 150 MHz (Fig. 1) 
f = 400 MHz (Fig. 14) 





Drain Efficiency (Fig. 1) 
(Vpp = 28 Vde, Pout = 5.0 W, f = 150 MHz, Ipq = 50 mA) 


Electrical Ruggedness (Fig. 1) 
(Vpp = 28 Vde, Pout = 5.0 W, f= 150 MHz, Ipq = 50 mA, 
VSWR 30:1 at all Phase Angles) 





*Bias Adjust 
C1, C4 — Arco 406, 15-115 pF L3 — 20 Turns, #20 AWG Enamel! Wound on RS 
C2 — Arco 403, 3.0-35 pF L4 — Ferroxcube VK-200 — 19/4B 
C3 — Arco 402, 1.5-20 pF R1 — 68 Q, 1.0 W Thin Film 
C5, C6, C7, C8, C12 — 0.1 wF Erie Redcap R2 — 10 kQ, 1/4 W 
C9— 10 pF, 50 V R3 — 10 Turns, 10 kQ Beckman Instruments 8108 
C10, C11 — 680 pF Feedthru R4 — 1.8 kQ, 1/2 W 
D1 — 1N5925A Motorola Zener R5 — 1.0 MQ, 2.0 W Carbon 
L1— 3 Turns, 0.310” ID, #18 AWG Enamel, 0.2” Long Board — G10, 62 mils 


L2— 3-1/2 Turns, 0.310” ID, #18 AWG Enamel, 0.25” Long 
Figure 1. 150 MHz Test Circuit 
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Figure 3. Output Power versus Input Power 


Figure 2. Output Power versus Input Power 
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Figure 5. Output Power versus Supply Voltage 


Figure 4. Output Power versus Supply Voltage 
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Vpp, SUPPLY VOLTAGE (VOLTS) 


Vpp, SUPPLY VOLTAGE (VOLTS) 


Figure 7. Output Power versus Supply Voltage 


Figure 6. Output Power versus Supply Voltage 


MRF134 
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2 PEE Er Yi | | i | | 
Siler eee 
TYPICAL DEVICE SHOWN, 
ee a iey 
oL Lobe tf || 
0 1 


Pout, OUTPUT POWER (WATTS) 
ip, DRAIN CURRENT (MILLAMPS) 









~2 -1 2 3 4 5 
Vas, GATE-SOURCE VOLTAGE (VOLTS) Vas, GATE-SOURCE VOLTAGE (VOLTS) 
Figure 8. Output Power versus Gate Voltage Figure 9. Drain Current versus Gate Voltage 
(Transfer Characteristics) 
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*Bias Adjust 


C1, C6 — 270 pF, ATC 100 mils 

C2, C3, C4, C5 — 0-20 pF Johanson 

C7, C9, C10, C14 — 0.1 WF Erie Redcap, 50 V 
C8 — 0.001 pF 

C11 — 10 pF, 50 V 

C12, C13 — 680 pF Feedthru 

D1 — 1N5925A Motorola Zener 

L1—6 Turns, 1/4” ID, #20 AWG Enamel 

L2 — Ferroxcube VK-200 — 19/4B 

R1 — 68 Q, 1.0 W Thin Film 


R2— 10 kQ, 1/44 W 

R3— 10 Turns, 10 kQ Beckman Instruments 8108 
R4 — 1.8 kQ, 1/2 W 

Z1 — 1.4” x 0.166” Microstrip 

Z2 — 1.1” x 0.166” Microstrip 

Z3 — 0.95” x 0.166” Microstrip 

Z4 — 2.2” x 0.166” Microstrip 

Z5 — 0.85” x 0.166” Microstrip 

Board — Glass Teflon, 62 mils 


Figure 14. 400 MHz Test Circuit 
























































































































































82 7 ; 1 f Zint 
2 2 = 50 MHz Ohms 
Zint S 
450 a 100 | 21.2-j25.4 | 20.1 - j46.7 
5 150 14.6 -j22.1 | 19.2 - j38.2 
«4005 225 9.1 -j18.8 | 17.5 -j33.5 
fe f= 100 MHz 400 6.4-j10.8 | 16.9 - j26.9 
she % ¢ +68 O Shunt Resistor Gate-to-Ground 
Th Zou Zo.* = Conjugate of the optimum load imped- — 
f= 100 MHz 7 ance into which the device operates at a given 
| po 5 §/ output power, voltage, and frequency. 
[ | ® PL co! LIRR OIA Fd 
Figure 15. Large-Signal Series Equivalent 
Input/Output impedances, Zjint, ZoL* 
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The Power RF characterization data were measured with a 68 ohm resistor shunting the MRF 134 input port. (continued) 
The scattering parameters were measured on the MRF 134 device alone with no external components. 
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Table 1. Common Source Scattering Parameters 
Vps = 28 V, Ip = 100 mA 
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The Power RF characterization data were measured with a 68 ohm resistor shunting the MRF 134 input port. The scattering parameters were 
measurd on the MRF 134 device alone with no external components. 





Table 1. Common Source Scattering Parameters (continued) 
Vps = 28 V, Ip = 100 mA 
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Figure 16. S47, Input Reflection Coefficient Figure 17. S42, Reverse Transmission Coefficient 
versus Frequency versus Frequency 
Vps=28V Ip=100 mA Vps = 28 V -Ip=100 mA 








Figure 18. S91, Forward Transmission Coefficient Figure 19. S99, Output Reflection Coefficient 
versus Frequency versus Frequency 
Vps=28V Ip=100 mA Vps=28V Ip=100 mA 
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DESIGN CONSIDERATIONS 

The MRF 134 is a RF power N-Channel enhancement mode 
field-effect transistor (FET) designed especially for VHF 
power amplifier and oscillator applications. Motorola RF MOS 
FETs feature a vertical structure with a planar design, thus 
avoiding the processing difficulties associated with V-groove 
vertical power FETs. 

Motorola Application Note AN-211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high gain, 
low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal, thus facilitating manual gain control, ALC and modula- 
tion. 


DC BIAS 

The MRF 134 is an enhancement mode FET and, therefore, 
does not conduct when drain voltage is applied. Drain current 
flows when a positive voltage is applied to the gate. See Figure 
9 for a typical plot of drain current versus gate voltage. RF 
power FETs require forward bias for optimum performance. 
The value of quiescent drain current (IpQ) is not critical for 
many applications. The MRF134 was characterized at Ipq = 
50 mA, which is the suggested minimum value of Ipq. For 
special applications such as linear amplification, Ipq may 
have to be selected to optimize the critical parameters. 

The gate is a dc open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a simple 
resistive divider network. Some special applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF134 may be controlled from its 
rated value down to zero (negative gain) by varying the dc gate 
voltage. This feature facilitates the design of manual gain 
control, AGC/ALC and modulation systems. (See Figure 8.) 


AMPLIFIER DESIGN 

Impedance maiching networks similar to those used with 
bipolar VHF transistors are suitable for MRF134. See 
Motorola Application Note AN721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher input 
impedance of RF MOS FETs helps ease the task of broadband 
network design. Both small signal scattering parameters and 
large signal impedances are provided. While the s-parame- 
ters will not produce an exact design solution for high power 
operation, they do yield a good first approximation. This is an 
additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF 134, yields a device capable of self oscillation. Stability 
may be achieved by techniques such as drain loading, input 
shunt resistive loading, or output to input feedback. The 
MRF 134 was characterized with a 68-ohm input shunt loading 
resistor. Two port parameter stability analysis with the 
MRF134 s-parameters provides a useful-tool for selection of 
loading or feedback circuitry to assure stable operation. See 
Motorola Application Note AN215A for a discussion of two port 
network theory and stability. 

Input resistive loading is not feasible in low noise applica- 
tions. The MRF 134 noise figure data was generated in a circuit 
with drain loading and a low loss input network. 





Figure 20. 150 MHz Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR =o 
TECHNICAL DATA 


MRF136 
MRF136Y 


The RF MOSFET Line 
RF Power 


Field-Effect Transistors 
N-Channel Enhancement-Mode MOSFETs 


15 W, 30 W, to 400 MHz 


. .. designed for wideband large-signal amplifier and oscillator applications up , N-CHANNEL 
to 400 MHz range, in either single ended or push-pull configuration. MOS BROADBAND 
¢ Guaranteed 28 Volt, 150 MHz Performance RF POWER FETs 
MRF136 MRF136Y 
Output Power = 15 Watts Output Power = 30 Watts 
Narrowband Gain = 16 dB (Typ) = Broadband Gain = 14 dB (Typ) 
Efficiency = 60% (Typical) Efficiency = 54% (Typical) 
¢ Small-Signal and Large-Signal 
Characterization MRF136 D 


e 100% Tested For Load 
Mismatch At All Phase 
Angles With 30:1 VSWR Shee AG eres 


e Space Saving Package For 
Push-Pull Circuit 
Applications — MRF136Y 


e Excellent Thermal Stability, 2 
Ideally Suited For Class A MRF136Y D 
Operation 
« Facilitates Manual Gain 
Control, ALC and G 
Modulation Techniques s 
G (FLANGE) 


CASE 319B, STYLE 1 
MRF136Y 





MAXIMUM RATINGS 


| 
Rating 
MRF136Y 


| MRFI36 | 
OS 
[Dran-Gae Volage Res=10Ma)———SSSSSCS~*~*~‘dC || 
Adc 
°C 
°C 















Drain Current — Continuous | ip [ 25 | | Adc | 

Total Device Dissipation @ Tc = 25°C 55 100 Watts 
Derate above 25°C ae | 0.571 

Storage Temperature Range | Tstg |  -65t0+150 | 


THERMAL CHARACTERISTICS 





peak 
Characteristic | simbot 

ae Ton] 
[Thermal Resistance, unciontocae | Rw | 82 |S LO 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Sa PE 


OFF CHARACTERISTICS (1) 


Drain-Source Breakdown Voltage V(BR)DSS Vde 
(V@s =O, Ip = 5.0 mA) 


Zero-Gate Voltage Drain Current loss mAdc 
(Vps = 28 V, Vag = 0) 
Gate-Source Leakage Current 1.0 pAdc 
(V@s = 40 V, Vps = 0) 
ON CHARACTERISTICS (1) 
Gate Threshold Voltage V@S\(th) 1.0 Vdc 
(Vps = 10 V, Ip = 25 mA) 
Forward Transconductance 400 mmhos 
(Vps = 10 V, Ip = 250 mA) 
DYNAMIC CHARACTERISTICS (1) 
Input Capacitance Ciss pF 
(Vps = 28 V, Vas = 0, f = 1.0 MHz) 
Output Capacitance 
(Vps = 28 V, Vag = 0, f= 1.0 MHz) 








Reverse Transfer Capacitance 
(Vps = 28 V, Vas = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (2) 


Noise Figure MRF136 
(Vps = 28 Vdc, Ip = 500 mA, f = 150 MHz) 


Common Source Power Gain (Figure 1) MRF136 
(VppD = 28 Vde, Pout = 15 W, f = 150 MHz, Ipq = 25 mA) 


Common Source Power Gain (Figure 2) MRF136Y 
(Vpp = 28 Vde, Poyt = 30 W, f = 150 MHz, Ipq = 100 mA) 


Drain Efficiency (Figure 1) MRF136 
(Vpp = 28 Vdc, Poyt = 15 W, f = 150 MHz, Ipq = 25 mA) 


Drain Efficiency (Figure 2) _ _MRF136Y 
(VpD = 28 Vde, Pout = 30 W, f = 150 MHz, Ilpq = 100 mA) 


Electrical Ruggedness (Figure 1) MRF136 
(Vpp = 28 Vde, Pout = 15 W, f = 150 MHz, Ipq = 25 mA, 
VSWR 30:1 at all Phase Angles) 


Electrical Ruggedness (Figure 2) MRF136Y 
(Vpp = 28 Vdc, Pout = 30 W, f = 150 MHz, Ipq = 100 mA, 
VSWR 30:1 at all Phase Angles) 


NOTES: 
1. For MRF136Y, each side measured separately. 
2. For MRF136Y measured in push-pull configuration. 
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C1, C2 — Arco 406, 15-115 pF or Equivalent 
C3 — Arco 404, 8-60 pF or Equivalent 

C4 — 43 pF Mini-Unelco or Equivalent 

C5 — 24 pF Mini-Unelco or Equivalent 

C6 — 680 pF, 100 Mils Chip 

C7 — 0.01 yw F Ceramic 

C8 — 100 pF, 40 V 

C9 — 0.1 pF Ceramic 

C10, C11 — 680 pF Feedthru 

D1 — 1N5925A Motorola Zener 


ee 


Vpp = +28 V 


: r 


C6 


a RF OUTPUT 


C5 


L1— 2 Turns, 0.29” ID, #18 AWG, 0.10” Long 

L2— 2 Turns, 0.23” ID, #18 AWG, 0.10” Long 

L3 — 2-1/4 Turns, 0.29” ID, #18 AWG, 0.125” Long 

RFC1 — 20 Turns, 0.30” ID, #20 AWG Enamel Closewound 
RFC2 — Ferroxcube VK-200 — 19/4B 

R1 — 27 Q, 1 W Thin Film 

R2 — 10 kQ, 1/4 W 

R3 — 10 Turns, 10 kQ 

R4 — 1.8 kQ, 1/2 W 

Board Material — 0.062” G10, 1 oz. Cu Clad, Double Sided 


Figure 1. 150 MHz Test Circuit (MRF136) 


RF INPUT 


Ci — 5.0 pF 

C2, C3, C4, C6, C7, C9, C11 — 0.1 WF Ceramic 
C5, C8 — 680 pF Feedthru 

C10 — 15 pF 

D1 — 1N4740 Motorola Zener 

RFC1 — 17 Turns, #24 AWG Wound on R5 
RFC2 — Ferroxcube VK-200-19/4B or Equivalent 
R1 — 10 kQ, 1/44 W 

R2, R38 — 560 Q, 1/2 W 

R4 — 10 Turns, 10 kQ 





Vpp = +28 V 


bX 


RF OUTPUT 


I 


R5 — 56 kQ, 1W 

R6 — 1.6 kQ, 1/4 W 

T1 — Primary Winding — 3 Turns #28 Enameled Wire. 

— Secondary Winding — 2 Turns #28 Enameled Wire. 
Both windings wound through a Fair/Rite Balun 65 core. 
Part #2865002402. 

T2— 1:1 Transformer Wound Bifilar — 2 Turns Twisted Pair 
#24 Enameled Wire through a Indiana General Balun Q1 
core. Part #18006-1-Q1. Primary winding center tapped. 

Board Material — 0.062” G10, 1 oz. Cu Clad, Double Sided 


Figure 2. 30-150 MHz Test Circuit (MRF136Y) 
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Figure 4. Output Power versus Input Power 


Figure 3. Output Power versus Input Power 
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Figure 6. Output Power versus Supply Voltage 


Figure 5. Output Power versus Input Power 
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Figure 8. Output Power versus Supply Voltage 


Figure 7. Output Power versus Supply Voltage 
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Pout, OUTPUT POWER (WATTS) 


Vpp; SUPPLY VOLTAGE (VOLTS) 
Figure 9. Output Power versus Supply Voltage 
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Pout, OUTPUT POWER (WATTS) 


Vpp = 28 V 
Ipq=25 mA 
Pin = CONSTANT 


TYPICAL DEVICE 
SHOWN, V@gith) = 3 V 
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Vgg, GATE-SOURCE VOLTAGE (VOLTS) 


Figure 10. Output Power versus Gate Voltage 
MRF136 
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MRF136Y 
TYPICAL PERFORMANCE IN BROADBAND TEST CIRCUIT 





(Refer to Figure 2) 
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Figure 15. Output Power versus Input Power Figure 16. Power Gain versus Frequency 
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TYPICAL 400 MHz PERFORMANCE 
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Figure 21. Large-Signal Series Equivalent Figure 22. Large-Signal Series Equivalent 
Input Impedance, Zjnt Output Impedance, Zo,_* 
MRF136 MRF136 
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Table 1. Common Source Scattering Parameters 
Vps = 28 V, Ip =0.5A 
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DESIGN CONSIDERATIONS 

The MRF136 and MRF136Y are RF power N-Channel 
enhancement mode field-effect transistors (FETs) designed 
especially for HF and VHF power amplifier applications. 
Motorola RF MOS FETs feature planar design for optimum 
manufacturability. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high gain, 
low noise, simple bias systems, relative immunity from ther- 
mal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control signal, 
thus facilitating manual gain control, ALC and modulation. 


DC BIAS 

The MRF136 and MRF136Y are enhancement mode FETs 
and, therefore, do not conduct when drain voltage is applied 
without gate bias. A positive gate voltage causes drain current 
to flow (see Figure 11). RF power FETs require forward bias 
for optimum gain and power output. A Class AB condition with 
quiescent drain current (IpDQ) in the 25-100 mA range is 
sufficient for many applications. For special requirements 
such as linear amplification, IpQ may have to be adjusted to 
optimize the critical parameters. 

The MOS gate is a dc open circuit. Since the gate bias circuit 
does not have to deliver any current to the FET, a simple 
resistive divider arrangement may sometimes suffice for this 
function. Special applications may require more elaborate 
gate bias systems. 


GAIN CONTROL 

Power output of the MRF136 and MRF136Y may be 
controlled from rated values down to the milliwatt region (>20 
dB reduction in power output with constant input power) by 
varying the de gate voltage. This feature, not available in 


bipolar RF power devices, facilitates the incorporation of 
manual gain control, AGC/ALC and modulation schemes into 
system designs. A full range of power output control may 
require dc gate voltage excursions into the negative region. 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used with 
bipolar transistors are suitable for MRF136 and MRF136Y. 
See Motorola Application Note AN721, Impedance Matching 
Networks Applied to RF Power Transistors. Both small signal 
scattering parameters (MRF136° only) and large signal 
impedance parameters are provided. Large signal imped- 
ances should be used for network designs wherever possible. 
While the s parameters will not produce an exact design 
solution for high power operation, they do yield a good first 
approximation. This is particularly useful at fréquencies 
outside those presented in the large signal impedance plots. 

RF power FETs are triode devices and are therefore not 
unilateral. This, coupled with the very high gain, yields a 
device capable of self oscillation. Stability may be achieved 
using techniques such as drain loading, input shunt resistive 
loading, or feedback. S parameter stability analysis can 
provide useful information in the selection of loading and/or 
feedback to insure stable operation. The MRF136 was 
characterized with a 27 ohm input shunt loading resistor, while 
the MRF136Y was characterized with a resistive feedback 
loop around each of its two active devices. 

For further discussion of RF amplifier stability and the use 
of two port parameters in RF amplifier design, see Motorola 
Application Note AN215A on page 6-204 in the RF Device 
Data (DL110 Rev 1). 


LOW NOISE OPERATION 

Input resistive loading will degrade noise performance, and 
noise figure may vary significantly with gate driving imped- 
ance. A low loss input matching network with its gate 
impedance optimized for lowest noise is recommended. 





Figure 28. MRF136 Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR SI 
TECHNICAL DATA 


The RF MOSFET Line 


RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 


. .. designed for wideband large-signal output and driver stages up to 


400 MHz range. 30 W, to 400 MHz 
e Guaranteed 28 Volt, 150 MHz Performance N-CHANNEL MOS 
Output Power = 30 Watts BROADBAND RF POWER 


Minimum Gain = 13 dB sits 
Efficiency — 60% (Typical) 
e Small-Signal and Large-Signal Characterization 


e Typical Performance at 400 MHz, 28 Vdc, 30 W 
Output = 7.7 dB Gain 


¢ 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 


Low Noise Figure — 1.5 dB (Typ) at 1.0 A, 150 MHz D 


e Excellent Thermal Stability, Ideally Suited For Class A 
Operation 


e Facilitates Manual Gain Control, ALC and Modulation 
Techniques 
























MAXIMUM RATINGS 


Drain-Source Voltage 


Drain-Gate Voltage 
(Rag = 1.0 MQ) 


Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 100 Watts 
Derate above 25°C 0.571 wre 

Storage Temperature Range —-65 to +150 Ee 

Operating Junction Temperature oe ee eee 


THERMAL CHARACTERISTICS 















a nc a oe | ag | 
Thermal Resistance, Junction to Case Resc °CW 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[—CRhaacterato «dS | win [te [Mm | ont 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vag = 0, Ip = 10 mA) V(BR)DSS ee en eee 


[Zero GetoVtago Dian GurentVos=28V.Vas=0) | toss_[— |= | #0 | maw_| 
[GaioSouce LstageGureniWas=2Vos=0 | tess | = | — | 70 [| one _| 
ON CHARACTERISTICS 

[aio Teena votage Vog=T0vip=asmA) ‘| vest [7 [80 | 80 | ve | 
[Foner Tenecnducarce Vog=10V1i5=800mN |» | 200 | 70 | — | wm | 
DYNAMIC CHARACTERISTICS 

input Capactance Vpg=28V.Veseut=@MR [Os | - | ® | — | | 
[Ocpu Gapactane Vog=28V.Ve5=0=10me) | Coe | _— | | — | F _ 
[Rovere TrafrCapactane Vo5=28V;Vas=0,i=100| Ges [_— |" | — | F _| 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vps = 28 Vde, Ip = 1.0 A, f = 150 MHz) 

























Common Source Power Gain 
(Vpp = 28 Vde, Pout = 30 W, f = 150 MHz (Figure: 1) 
IDQ = 25 mA) f = 400 MHz (Figure 14) 


Drain Efficiency (Figure 1) 
(Vpp = 28 Vde, Pout = 30 W, f = 150 MHz, Ipq = 25 mA) 


Electrical Ruggedness (Figure 1) 
(Vpp = 28 Vde, Pout = 30 W, f = 150 MHz, Ipq = 25 mA, No Degradation in Output Power 
VSWR 30:1 at All Phase Angles) 





RF 
INPUT 


IkF-o 





C1 — Arco 403, 3.0-—35 pF, or equivalent Li — 2 Turns, 0.29” ID, #18 AWG Enamel, Closewound 

C2 — Arco 406, 15-115 pF, or equivalent L2— 1-1/4 Turns, 0.2” ID, #18 AWG Enamel, Closewound 
C3 — 56 pF Mini-Unelco, or equivalent L3 — 2 Turns, 0.2” ID, #18 AWG Enamel, Closewound 

C4 — Arco 404, 8.0—60 pF, or equivalent RFC1 — 20 Turns, 0.30” ID, #20 AWG Enamel, Closewound 
C5 — 680 pF, 100 Mils Chip RFC2 — Ferroxcube VK-200 — 19/4B 

C6 — 0.01 pF, 100 V, Disc Ceramic Ri — 10 kQ, 1/2 W Thin Film 

C7— 100 pF, 40 V R2— 10 kQ, 1/4 W 

C8 — 0.1 pF, 50 V, Disc Ceramic R3 — 10 Turns, 10 kQ 

C9, C10 — 680 pF Feedthru R4 — 1.8 kQ, 1/2 W 

D1 — 1N5925A Motorola Zener Board — G10, 62 Mils 


Figure 1. 150 MHz Test Circuit 
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Figure 3. Output Power versus Input Power 


Figure 2. Output Power versus Input Power. 
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Figure 5. Output Power versus Supply Voltage 


Figure 4. Output Power versus Input Power 
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Figure 7. Output Power versus Supply Voltage 


Figure 6. Output Power versus Supply Voltage 
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Pot, OUTPUT POWER (WATTS) 


Vpp, SUPPLY VOLTAGE (VOLTS) 


Figure 8. Output Power versus Supply Voltage 
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Vas, GATE-SOURCE VOLTAGE (VOLTS) 


Figure 10. Drain Current versus Gate Voltage 
(Transfer Characteristics) 


C, CAPACITANCE (pF) 





0 4 8 2 16 20 24 28 
Vpg, DRAIN-SOURCE VOLTAGE (VOLTS) 


Figure 12. Capacitance versus 
Drain-Source Voltage 
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Pout» OUTPUT POWER (WATTS) 


Vgs, GATE-SOURCE VOLTAGE (NORMALIZED) 


Ip, DRAIN CURRENT (AMPS) 





0 
-9 -8 -6 ~4 -2 0 1 2 3 


V@s, GATE-SOURCE VOLTAGE (VOLTS) 


Figure 9. Output Power versus Gate Voltage 
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Tc, CASE TEMPERATURE (°C) 


Figure 11. Gate Source Voltage versus 
Case Temperature 





Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


Figure 13. DC Safe Operating Area 
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cio. (Cit 


RF 





C1, C2, C3, C4 — 0-20 pF Johanson, or equivalent R4 — 1.8 kQ, 1/2 W 

C5, C8 — 270 pF, 100 Mil Chip Z1 — 2.9” x 0.166” Microstrip 

C6, C7 — 24 pF Mini-Unelco, or equivalent Z2, Z4 — 0.35” x 0.166” Microstrip 

C9 — 0.01 pF, 100 V, Disc Ceramic 23 — 0.40” x 0.166” Microstrip 

C10 — 100 pF, 40 V Z5 — 1.05” x 0.166” Microstrip 

C11 — 0.1 pF, 50 V, Disc Ceramic Z6 — 1.9” x 0.166” Microstrip 

C12, C13 — 680 pF Feedthru RFC1 — 6 Turns, 0.300” ID, #20 AWG Enamel, Closewound 
D1 — 1N5925A Motorola Zener RFC2 — Ferroxcube VK-200 — 19/4B 

R1, R2— 10 kQ, 1/44 W Board — Glass Tefion, 62 Mils 


R3— 10 Turns, 10 kQ 


Figure 14. 400 MHz Test Circuit 
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Ipa = 25 mA, 



















2.11-j11.07 







8.02-j2.89 







150 1.77-]7.64 5.75-j3.02 
200 1.85-]3.75 3.52-j2.67 
400 1.744)3.62 2.88-j1.52 





~ Zg., *= Conjugate of the optimum load impedance <<“ 
‘ into which the device operates at a given output s: 
-,” power, voltage, and frequency. 


ie iS ae ee power, voltage d frequency . Pee Ly i. eee a by ete 
rs FORGE XO ATTY SOV SRE ALT pee ee l 


Figure 15. Large-Signal Series Equivalent Input and Output Impedance, Zjn, ZoL* 
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Table 1. Common Source Scattering Parameters 
50 Q System 
Vps = 28 V, Ip = 0.75 A 
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Figure 16. S41, Input Reflection Coefficient 
versus Frequency 
Vps=28V Ip=0.75A 
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Figure 18. S21, Forward Transmission Coefficient 
versus Frequency 
Vps =28V Ip=0.75A 
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Figure 17. Sj2, Reverse Transmission Coefficient 
versus Frequency 
Vps=28V Ip=0.75A 





Figure 19. So9, Output Reflection Coefficient 
versus Frequency 
Vps=28V Ip=0.75A 
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DESIGN CONSIDERATIONS 

The MRF 137 is a RF power N-Channel enhancement mode 
field-effect transistor (FET) designed especially for VHF 
power amplifier applications. Motorola RF MOS FETs feature 
a vertical structure with a planar design, thus avoiding the 
processing difficulties associated with V-groove vertical 
power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high gain, 
low noise, simple bias systems, relative immunity from ther- 
mal_ runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control signal, 
thus facilitating manual gain control, ALC and modulation. 


DC BIAS 

The MRF 137 is an enhancement mode FET and, therefore, 
does not conduct when drain voltage is applied. Drain current 
flows when a positive voltage is applied to the gate. See Figure 
10 for a typical plot of drain current versus gate voltage. RF 
power FETs require forward bias for optimum performance. 
The value of quiescent drain current (IpqQ) is not critical for 
many applications. The MRF137 was characterized at Ipq = 
25 mA, which is the suggested minimum value of Ipq. For 
special applications such as linear amplification, Ipq may 
have to be selected to optimize the critical parameters. 

The gate is a de open circuit and draws no current. 
Therefore, the gate bias circuit may generally be just a simple 


resistive divider network. Some special applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF137 may be controlled from its 
rated value down to zero (negative gain) by varying the dc gate 
voltage. This feature facilitates the design of manual gain 
control, AGC/ALC and modulation systems. (See Figure 9.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used with bi- 
polar VHF transistors are suitable for MRF137. See Motorola 
Application Note AN721, Impedance Matching Networks 
Applied to RF Power Transistors. The higher input impedance 
of RF MOS FETs helps ease the task of broadband network 
design. Both small signal scattering parameters and large sig- 
nal impedances are provided. While the s-parameters will not 
produce an exact design solution for high power operation, 
they do yield a good first approximation. This is an additional 
advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not 
unilateral. This, coupled with the very high gain of the 
MRF 137, yields a device capable of self oscillation. Stability 
may be achieved by techniques such as drain loading, input 
shunt resistive loading, or output to input feedback. Two port 
parameter stability analysis with the MRF137 s-parameters 
provides a useful tool for selection of loading or feedback 
circuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 





Figure 20. 150 MHz Test Circuit 
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MOTOROLA 
= SEMICONDUCTOR [oe 
TECHNICAL DATA 


The RF MOSFET Line 


RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 


... designed for power amplifier applications in industrial, commercial and 
amateur radio equipment to 175 MHz. 30 W, 175 MHz: 
e Superior High Order IMD N-CHANNEL MOS 
¢ Specified 28 Volts, 30 MHz Characteristics LINEAR RF POWER 
Output Power = 30 Watts 
Power Gain = 17 dB (Typ) 
Efficiency = 40% (Typ) 
¢ IMD(d3) (80 W PEP) — —30 dB (Typ) 
¢ IMD(d11) (30 W PEP) — —60 dB (Typ) 


¢ 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR B 












MAXIMUM RATINGS 
Rating 
Drain-Source Voltage 
Drain-Gate Voltage (Rag = 1.0 MQ) 
Gate-Source Voltage 
Drain Current— Continuous —. 
Total Device Dissipation @ Tc = 25°C 








Derate above 25°C 

Storage Temperature Range 

Operating Junction Temperature | ty {20 #| «c | 
THERMAL CHARACTERISTICS 
[Character SC«d;CSvmmbot [Max nit 
Rao [182 *«| ~ ow _| 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Characteriic |Symbot_[ min “| Typ | Max | Unit 
OFF CHARACTERISTICS , 


Drain-Source Breakdown Voltage (V@g = 0, Ip = 10 mA) verpss | 6 | — | — | vic | 
Zero Gate Voltage Drain Current (Vpg = 28 V, Vas = 0) | toss [| — [| = | 50 [ mace | 





[Gate Souce tealage Curent(Vas=20V.Vos=0 | less_| — | — | 00 | nade 


ON CHARACTERISTICS 


Gat Taso Wigs V05= OWS =A A 
Drain-Source On-Voltage (V@g = 10 V, Ip = 2.5 A) VDs(on) eee ee ee ee 





[FomaréTansconducance Vos=10V.1p=250 | a | 08 | v2 | — | mre | 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. (continued) 
Reasonable precautions in handling and packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) . 





[Character | <Sombol win <p Mex [CU 


DYNAMIC CHARACTERISTICS 


input Cpectance Vog=20V, Vas=0f= 10M | Ge | — | | — | # | 


FuiputCapactance (Vos=28V,Vag=0.f=10MNa) [Cus | — | 7 | — | fF 
[Revere Tranter Capaciance Vos = 28V, Vas=0.f=10MR| Os [| — | _™ [| _— | »F 
FUNCTIONAL TESTS (SSB) 


Common Source Amplifier Power Gain 
(Vpp = 28 V, Pout = 30 W (PEP), (30 MHz) (Figure 1) 
IDQ = 100 mA) (150 MHz) (Figure 6) 


Drain Efficiency (Figure 1) (30 W PEP) 
(Vpp = 28 V, f = 30 MHz, Ipq = 100 mA) (30 W CW) 


Intermodulation Distortion (Figure 1) 
(Vpp = 28 V, Pout = 30 W (PEP), f = 30; 30.001 MHz, 
Ipq ='100 mA) 

Load Mismatch (Figure 1) 
(Vpp = 28 V, Pout = 30 W (PEP), f = 30; 30.001 MHz, 
IDQ = 100 mA, VSWR 30:1 at all Phase Angles) 


CLASS A PERFORMANCE 
intermodulation Distortion (1) and Power Gain 








(Vpp = 28 V, Pout = 10 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Ipq = 1.0 A) 
NOTE: 
1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 






C12 — Arco 406 Variable 








= = — 3 L1 — VK200 20/48 Ferrite Choke 
or Equivalent (3.0 H) 
L2— Ferrite Bead(s), 2.0 pH 

C1, C2, C3, C4, C5, C6 — 0.1 wF Ceramic Chip or Equivalent Ri, R2 — 200 Q, 1/2 W Carbon 
C7 — 10 pF, 100 V Electrolytic R3 — 2.2 Q, 1/2 W Carbon 
C8 — 10 pF Dipped Mica R4 — 330 ©, 1.0 W Carbon 
C9 — 68 pF Dipped Mica T1— 4:1 Impedance Transformer 
C10, C11 — 47 pF Dipped Mica T2 — 1:4 Impedance Transformer 


Figure 1. 2.0 to 50 MHz Broadband Test Circuit 
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Vps = 28 V oe. 
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POWER GAIN (dB) 
Pout, OUTPUT POWER (WATTS) 





f, FREQUENCY (MHz) Pin, INPUT POWER (WATTS) 


Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Input Power 


IMD, INTERMODULATION DISTORTION (dB) 
f 7, UNITY GAIN FREQUENCY (MHz) 





Pout OUTPUT POWER (WATTS PEP) Ip, DRAIN CURRENT (AMPS) 


Figure 4. IMD versus Pout Figure 5. Common Source Unity Current Gain 


Frequency versus Drain Current 





+BIAS Re +28 Vde 






RF INPUT 


a 


C1 —91 pF Unelco Type MCM 01/010 L2—4 Tums #18 AWG, 5/16” ID 502 


C2, C4 —0.1 FF Erie Red Cap R1 — 1.0 Ohm, 1/4 W Carbon 











C3 — Alleri Bradley 680 pF Feed Thru R2— 2000 Ohm, 1/4 W Carbon : 
C5 — 1.0 pF, 50 Vdc Electrolytic RFC1 — VK200 21/4B T1431 Impedance Ratio 
C6 — Arco 402 Variable T1 — 4:1 Transformer, 1.75” Subminiature Transformer, Line 
C7 — Arco 404 Variable Coaxial Cable Impedance = 25 Q 





Li—2T # , ” 
ae ae Figure 6. 150 MHz Test Circuit 





RF OUTPUT 





=, 12.52 
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Ips, DRAIN CURRENT (AMPS) 
1p, DRAIN CURRENT (AMPS) 





1 2 3 5 7 10 20 30 50 70 100 
Vas, GATE-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 7. Gate Voltage versus Drain Current Figure 8. DC Safe Operating Area 











Vpp = 28V Inq = 100 mA, 
i Pout = 30 W PEP 











i 55.0 -j11.0 
ZS Zint 18.0 -j10.8 














45 -j4.0 







































7.0 
t+ —Zo1* = Conjugate of the optimum load impedance 
LAO 4.0 CI into which the device output operates at 
: Ke S t a given output power, voltage and 
i 2 4) “/; vas oS ‘ Mie he frequency. 

TGate Shunted By 100 Q 

Figure 9. Large-Signal Series Equivalent 
Input/Output Impedance, Zint, Zo.” 
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RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 
fabrication of the BF MOSFET results in a junction capaci- 
tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjgs), 
output (Cogs) andreverse transfer (Css) capacitances ondata 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cjgs can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 





LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional informa- 
tion on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain 
current level. This is equivalent to fT for bipolar transistors. 


Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some 
extent. : 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VDS(on), occurs in the 
linear region of the output characteristic and is specified under 
specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VpS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the RF MOSFET is a polysilicon material, and 
is electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th): 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated Vqs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protection 
is required, an external zener diode is recommended. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 


Collector ...............000. 


Emitter ... 
Base ... 
V(BR)CES -- - 
VCBO --- 
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MOTOROLA RF DEVICE DATA 


MOTOROLA 
m= SEMICONDUCTOR 
TECHNICAL DATA 


The RF MOSFET Line 


RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 


. .. designed primarily for linear large-signal output stages up to 150 MHz 
frequency range. 150 W, to 150 MHz 
° Specified 28 Volts, 30 MHz Characteristics N-CHANNEL MOS 
Output Power = 150 Watts praia lc 
Power Gain = 15 dB (Typ) 
Efficiency = 40% (Typ) 
e Superior High Order IMD 
¢ IMD,dg) (150 W PEP) — —30 dB (Typ) 
¢ IMD(d11) (150 W PEP) — —60 dB (Typ) 


e 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR B 








MAXIMUM RATINGS 

ee 

a 

[Dean Current—Contuous CT 

a 
Derate above 25°C wre 

Operating Junction Temperature 

THERMAL CHARACTERISTICS 


a ee ee Oe eee Seed A 
| Thermal Resistance, JunctiontoCase | Rc | | 


| 
I 
{ 
Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 












packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Pp heractoristic Symbol in Te | Mex | unk | 


OFF CHARACTERISTICS 





ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Reverse Transfer Capacitance (Vps = 28 V, Vas = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (SSB) 


Common Source Amplifier Power Gain (80 MHz) 
(Vpp = 28 V, Pout = 150 W (PEP), Ipq = 250 mA) (150 MHz) 


Drain Efficiency 
(Vpp = 28 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
Ip (Max) = 6.5 A) 


Gate Threshold Voltage (Vps = 10 V, Ip = 100 mA) V@S(th) 








Intermodulation Distortion (1) 
(VDD = 28 V, Pout = 150 W (PEP), f1 = 30 MHz, IMD(q3) 
f2 = 30.001 MHz, Ipq = 250 mA) 


Load Mismatch 
(VppD = 28 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, No Degradation in Output Power 
IDQ = 250 mA, VSWR 30:1 at all Phase Angles) 
NOTE: 
1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 





OUTPUT 






RF INPUT 
| = = 
| C3 
C1 — 820 pF Dipped Mica L1 — VK200/4B Ferrite Choke or Equivalent, 3.0 pH 
C2, C5, C6, C7, C8, C9 — 0.1 uF Ceramic Chip or L2 — Ferrite Bead(s), 2.0 nH 
Monolythic with Short Leads Ri, R2 — 51 Q/1.0 W Carbon 
C3 — Arco 469 R3 —.1.0 Q/1.0 W Carbon 
C4 — 560 pF Unencapsulated Mica or Dipped Mica T1 — 16:1 Broadband Transformer 
with Short Leads T2 — 1:25 Broadband Transformer 


C10 — 10 1 F/100 V Electrolytic 
Figure 1. 300 MHz Test Circuit (Class AB) 
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(gp) NIVD HSMOd 


Pin, INPUT POWER (WATTS) 


Z ey (MHz) 


Figure 3. Output Power versus Input Power 


Figure 2. Power Gain.versus Frequency 








(ZH) AONANDAYA NIVD ALINN Ly 
ZHI OSL ZH 08 


=1kHz 


Vpp = 28 V, Ipq = 250 mA, 
TONE SEPARATION 


(2p) NOLLHOLSIG NOLLVINGOWYALNI ‘GMI 





Ip, DRAIN CURRENT (AMPS) 


Pout, OUTPUT POWER (WATTS PEP) 


Figure 5. Common Source Unity Gain Frequency 


Figure 4. IMD versus Pout 


versus Drain Current 





(SdWv) LNSHUND NivuG ‘SO| 


Vs, GATE-SOURCE VOLTAGE (VOLTS) 


Figure 6. Gate Voltage versus Drain Current 
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f = 2.0 MHz 


" NOTE: Gate Shunted by 25 Ohms. 











GMOS BINVLDNANOD BO! Ey NANCE 
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: [zos00s 

Lo. TRPATAL NX 

[, Vpp =28V 

L Ipg = 250 mA % 
Pout = 150 W PEP >>> 
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Fl 





PIRI RNAS 


—— 

= Zo * = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 






Figure 7. Series Equivalent Impedance 











RFC1 
+28V 
+ 
BIAS Ri L4 C10 Cit 
0-12V i 
C4 cs = = 
al. ae but 
RFC1 L2 L3 > RF 
re] u OUTPUT 
AF INPUT (@}—} 
C6 C7 C8 
c2 C3 e Di = 
C1, C2, C8 — Arco 463 or equivalent L1— 3/4” #18 AWG into Hairpin 
C3 — 25 pF Unelco L2— Printed Line, 0.200” x 0.500” 
C4 — 0.1 WF Ceramic L3 — 7/8” #16 AWG into Hairpin 
C5 — 1.0 pF, 15 WV Tantalum L4— 2 Turns #16 AWG, 5/16 ID 
C6 — 150 pF Unelco J101 RFC1 — 5.6 pH Molded Choke 
C7 — 25 uF Unelco J101 RFC2 — VK200-4B 
C9 — Arco 262 or equivalent Ri, R2 — 150 Q, 1.0 W Carbon 
C10 — 0.05 pF Ceramic 
C11 — 15 pF, 35 WV Electrolytic 
Figure 8. 150 MHz Test Circuit (Class AB) 
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RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 
fabrication of the BF MOSFET results in a junction capaci- 
tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cigs), 
output (Cogs) and reverse transfer (Crgs) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cigg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage of the drain in respect to source and zero 

volts at the gate. In the latter case the numbers are lower. 


However, neither method represents the actual operat- 
ing conditions in RF applications. 





LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional informa- 
tion on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain 
current level. This is equivalent to ff for bipolar transistors. 


Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some 
extent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VDS(on), occurs in the 
linear region of the output characteristic and is specified under 
specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VDS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the RF MOSFET is a polysilicon material, and 
is electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 

Gate contro! is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th)- 

Gate Voltage Rating — Never exceed. the gate voltage 
rating. Exceeding the rated Vqg can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protection 
is required, an external zener diode is recommended. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 


Collector 
Emitter 
Base 


RCE(sat) = 
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MOTOROLA 


= SEMICONDUCTOR 2 
TECHNICAL DATA 


The RF MOSFET Line 


RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode MOSFET 


. .. designed for broadband comniercial and military applications at frequencies 


to 175 MHz. The high power, high gain and broadband performance of this 150 W, 28 V, 175 MHz 
device makes possible solid state transmitters for FM broadcast or TV channel N-CHANNEL 
frequency bands. BROADBAND 
e Guaranteed Performance at 30 MHz, 28 V: RE RONEN MOSFET 





Output Power — 150 W 
Gain — 18 dB (22 dB Typ) 
Efficiency — 40% 


Typical Performance at 175 MHz, 50 V: 
Output Power — 150 W 
Gain — 13 dB 


Low Thermal Resistance 
e Ruggedness Tested at Rated Output Power 
e Nitride Passivated Die for Enhanced Reliability 













MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


THERMAL CHARACTERISTICS 
[vt] 
[Thormal Resance.duneiontoGaso————SSSCSCSCS~S~S~CRo PC 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


P Characterietic | Symbol Tine Max | unt 


OFF CHARACTERISTICS (1) 


Drain-Source Breakdown Voltage (Vas = 0, Ip = 100 mA) Verpss | 65 | | ce 





Zero Gate Votage Dan Curent Vg =28V, Vas=0) | loss | — | =| 80] aso — 

F aaie Body Leekags Curent Vas =20¥. vog=0) | less | =| = 

ON CHARACTERISTICS (1) 

[Gato Trecho Volage Vog=10Wip= 100na) | Vas [10] 30] 60 | var] 
Drain-Source On-Voltage (Vag = 10 V, Ip = 10 A): 


DYNAMIC CHARACTERISTICS (1) 


input Capacitance (Vpg = 28 V, Vag = 0, f= 1.0 MHz) ; — | 
Output Capacitance (Vpg = 28 V, Vag = 0, f = 1.0 MHz) | — | 








Reverse Transfer Capacitance (Vps = 28 V, Vag = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common Source Amplifier Power Gain, f = 30; 30.001 MHz 
(Vpp = 28 V, Pout = 150 W (PEP), Ipq = 250 mA) f= 175 MHz 


Drain Efficiency 
(Vpp = 28 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
IDQ = 250 mA, Ip (Max) = 5.95 A) 
Intermodulation Distortion (1) 
(Vpp = 28 V, Pout = 150 W (PEP), f = 30 MHz, 
2 = 30.001 MHz, Ipq = 250 mA) 


Load Mismatch 
(Vpp = 28 V, Pout = 150 W (PEP), f1 = 30; 30.001 MHz, 
ID@ = 250 mA, VSWR 30:1 at all Phase Angles) 


CLASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain Gps 
(Vpp = 28 V, Pout = 50 W (PEP), f1 = 30 MHz, IMD (q3) 
f2 = 30.001 MHz, Ipq = 4.0 A) IMD(g9—13' 















NOTE: 
1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. | 
| 
BIAS * + 
0-12V._ fas 
= RF 
OUTPUT 
R3 C2 
RF INPUT TH 
H = = 
| C1 
- 7 7 L1 — VK200/4B Ferrite Choke or Equivalent, 3.0 1H 
C1 — 820 pF Dipped Mica L2 — Ferrite Bead(s), 2.0 wH 
C2, C5, C6, C7, C8, C9 — 0.1 wF Ceramic Chip or R1, R2 — 51 Q/1.0 W Carbon 
Monolythic with Short Leads R3 — 1.0 2/1.0 W Carbon 
C3 — Arco 469 T1— 16:1 Broadband Transformer 
C4 — 560 pF Unencapsulated Mica or Dipped Mica T2 — 1:25 Broadband Transformer 
with Short Leads Board Material — 0.062” Fiberglass (G10), 
C10 — 10 »F/100 V Electrolytic 1 oz. Copper Clad, 2 Sides, e, = 5 
Figure 1. 30 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
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To, set TEMPERATURE (°C) 


Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Figure 3. Gate-Source Voltage versus 


Figure 2. DC Safe Operating Area 


Case Temperature 
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Vps; DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 5. Capacitance versus 
Drain-Source Voltage 
Pin, INPUT POWER (WATTS) 
Figure 7. Output Power versus Input Power 


(ad) SONVLIOVdVO ‘O 


Bae Gee 
AS abale le 
= SEACH 





10 
Ip, DRAIN CURRENT eae 
versus Drain Current 


Figure 4. Common Source Unity Gain Frequency 
f, FREQUENCY (MHz) 
Figure 6. Power Gain versus Frequency 
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TYPICAL CHARACTERISTICS 
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Figure 8. Output Power versus Supply Voltage Figure 9. Output Power versus Supply Voltage 
. 2 a Is — 
‘= 00 re 
Vpp = 28V 
+f Ipq = 250 mA 
Pout = 150 W PEP 
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ZoL* = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 
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Figure 10. Input and Output Impedances 
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Figure 11. IMD versus Poyt (PEP) 
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RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal anode gate structure de- 
termines the capacitors from gate-to-drain (Cgq), and gate- 
to-source (Cgs). The PN junction formed during the 
fabrication of the MOSFET results in a junction capacitance 
from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjgg), out- 
put (Cogs) and reverse transfer (Crgg) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cigs can be specified in two ways: 


1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respectto source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 


DRAIN 


Cus 


SOURCE 





LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data pres- 
ented, Figure 4 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur- 
rent level. This is equivalent to fT for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex- 
tent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VDS(on): occurs in the 
linear region of the output characteristic and is specified un- 
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VDS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the MOSFET is a polysilicon material, and is 
electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS((th): 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated V@g can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gate of this device is essentially 
capacitor. Circuits that leave the gate open-circuited or float- 
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ing should be avoided. These conditions can result in turn-on 
of the device due to voltage build-up on the input capacitor 
due to leakage currents or pickup. 

Gate Protection — This device does not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 


HANDLING CONSIDERATIONS 

When shipping, the devices should be transported only in 
antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap- 
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 


DESIGN CONSIDERATIONS 

The MRF141 is an RF Power, MOS, N-channel enhance- 
ment mode field-effect transistor (FET) designed for HF and 
VHF power amplifier applications. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power MOSFETs include 
high gain, low noise, simple bias systems, relative immunity 
from thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal. 


DC BIAS 

The MRF141 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor- 
mance. The value of quiescent drain current (IpqQ) is not criti- 
cal for many applications. The MRF141 was characterized at 
IDQ = 250 mA, each side, which is the suggested minimum 
value of pq. For special applications such as linear amplifi- 
cation, Ip@q may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There- 
fore, the gate bias circuit may be just a simple resistive divid- 
er network. Some applications may require a more elaborate 
bias sytem. 


GAIN CONTROL 

Power output of the MRF141 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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TECHNICAL DATA 

The RF MOSFET Line 

RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode MOSFET 


. .. designed for broadband commercial and military applications at frequencies 


to 175 MHz. The high power, high gain and broadband performance of this 300 W, 28 V, 175 MHz 
device makes possible solid state transmitters for FM broadcast or TV channel N-CHANNEL 
frequency bands. BROADBAND 
e Guaranteed Performance at 175 MHz, 28 V: BEPOWER MOSER? 





Output Power — 300 W 
Gain — 12 dB (14 dB Typ) 


Efficiency — 50% 

e Low Thermal Resistance — 0.35°C/W 
e Ruggedness Tested at Rated Output Power 
e Nitride Passivated Die for Enhanced Reliability D 

G 

s 
G (FLANGE) 
D CASE 375, STYLE 2 

MAXIMUM RATINGS 








THERMAL CHARACTERISTICS 
ec 
Fee | _038__| "om 





NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 


packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.): 


p Characters | Symon eax | Unt 


OFF CHARACTERISTICS (1) 


Drain-Source Breakdown Voltage V(BR)DSS Vde 
(Vgg = 0, Ip = 100 mA) 


Zero Gate Voltage Drain Current mAdc 
(Vps = 28 V, V@s = 0) 

Gate-Body Leakage Current lass 1.0 pAdc 
(Vas = 20 V, Vps = 0) 

ON CHARACTERISTICS (1) 

Gate Threshold Voltage Va@sith) 1.0 Vde 
(Vps = 10 V, Ip = 100 mA) 

Drain-Source On-Voltage Vps(on) 1.5 Vde 
(Vas = 10 V, Ip = 10 A) 

Forward Transconductance Ofs 7.0 
(Vps = 10 V, Ip = 5.0 A) 


DYNAMIC CHARACTERISTICS (1) 


Input Capacitance Ciss 
(Vps = 28 V, Vas = 0, f= 1.0 MHz) 
Output Capacitance a oF 














(Vps = 28 V, Ves = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance 


(Vps = 28 V, Ves = 0, f = 1.0 MHz) 














FUNCTIONAL TESTS (2) 


Common Source Amplifier Power Gain 
(Vpp = 28 V, Pout = 300 W, Ipq = 500 mA, f = 175 MHz) 


Drain Efficiency 
(Vpp = 28 V, Pout = 300 W, f = 175 MHz, Ip (Max) = 21.4 A) 

Load Mismatch v 
(Vpp = 28 V, Pout = 300 W, Ipg = 500 mA, f = 175 MHz, No Degradation in Output Power 
VSWR 5:1 at all Phase Angles) 


NOTES: 
1. Each side measured separately. 
2. Measured in push-pull configuration. 
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HIGH IMPEDANCE ——————— * 
WINDINGS ws, 


~. 
CENTER SS a1 
TAP IMPEDANCE 
~ RATIO. 
CENTER 
TAP AR 


ay 
IMPEDANCE. 










CONNECTIONS, 
TO LOW IMPEDANCE 





RATIO era WINDINGS” 

C1 — Arco 402, 1.5-20 pF T1 — 9:1 RF Transformer. Can be made of 15-18 Ohms 
C2 — Arco 406, 15-115 pF Semirigid Co-Ax, 62-90 Mils O.D. 
C3, C4, C8, C9, C10 — 1000 pF Chip T2 — 1:9 RF Transformer. Can be made of 15-18 Ohms 
C5, C11 — 0.1 uF Chip Semirigid Co-Ax, 70~90 Mils O.D. 
C6 — 330 pF Chip _ Board Material — 0.062” Fiberglass (G10), 
a8 See ae neo sas uy eae ere 1 oz. Copper Clad, 2 Sides, er = 5 
C13 = Arco ee ee oF sal reas NOTE: For stability, the input transformer T1 must be loaded 
L1— 10 Tums AWG #16 Enameled Wire with ferrite toroids or beads to increase the common 

Close Wound, 1/4” I.D. mode inductance. For operation below 100 MHz. The 
L2— Ferrite Beads of Suitable Material for same is required for the output transformer. 

1.5-2.0 tH Total Inductance See pictures for construction details. 





R1 — 100 Ohms, 1/2 W 
R2— 1.0 kOhm, 1/2 W 


Unless Otherwise Noted, All Chip Capacitors are ATC Type 100 or Equivalent. 


Figure 1. 175 MHz Test Circuit 


TYPICAL CHARACTERISTICS 
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Vps; DRAIN-TO-SOURCE VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) 
Figure 2. DC Safe Operating Area Figure 3. Gate-Source Voltage versus 
Case Temperature 
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TYPICAL CHARACTERISTICS 
2000 


ty, UNITY GAIN FREQUENCY (MHz) 
C, CAPACITANCE (oF) 
np 
3 





0 2 4 6 8 10 12 14 #16 £18 20 209 25 
Ip, DRAIN CURRENT (AMPS) ee DRAIN- ee jones aGtS 
NOTE: Data shown applies to each half of MRF141G. NOTE: Data shown applies to each half of MRF141G. 
Figure 4. Common Source Unity Gain Frequency Figure 5. Capacitance versus 
versus Drain Current Drain-Source Voltage 
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f, FREQUENCY (MHz) SUPPLY VOLTAGE (VOLTS) 
Figure 6. Power Gain versus Frequency Figure 7. Output Power versus Supply Voltage 
eq p 
5 E 
we INPUT, Zin So 
a 100 (GATE TO GATE) 
& g &, 
s A Ws 
j 125, 150s eal 
[¥ 0 eE f= 175 MHz 
p> 2 ey 
OUTPUT, Zo, * as 
oe 30 30 (DRAIN TO DRAIN) 
Zo = OL SEF 2 
Baa 
ZoL* = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 
Figure 8. Input and Output Impedances 
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RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal anode gate structure de- 
termines the capacitors from gate-to-drain (Cgq), and gate- 
to-source (Cgs). The PN junction formed during the 
fabrication of the MOSFET results in a junction capacitance 
from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjgg), out- 
put (Cogs) and reverse transfer (Crgg) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cjgg can be specified in two ways: 


1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respectto source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 


Cigg = Cgd = Cgs 


Coss = Cgd = Cds 
Cigg = Coa 





LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data pres- 
ented, Figure 4 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur- 
rent level. This is equivalent to fT for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex- 
tent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VDS(on); Occurs in the 
linear region of the output characteristic and is specified un- 
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VDS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the MOSFET is a polysilicon material, and is 
electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGSith)- 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated Vqs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gate of this device is essentially 
capacitor. Circuits that leave the gate open-circuited or float- 
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ing should be avoided. These conditions can result in turn-on 
of the device due to voltage build-up on the input capacitor 
due to leakage currents or pickup. 

Gate Protection — This device does not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps. damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 


HANDLING CONSIDERATIONS 

When shipping, the devices should be transported only in 
antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap- 
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 


DESIGN CONSIDERATIONS 

The MRF141G is an RF Power, MOS, N-channel en- 
hancement mode field-effect transistor (FET) designed for 
HF and VHF power amplifier applications. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power MOSFETs include 
high gain, tow noise, simple bias systems, relative immunity 
from thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal. 


DC BIAS 

The MRF141G is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor- 
mance. The value of quiescent drain current (Ipq) is not criti- 
cal for many applications. The MRF141G was characterized 
at IpQ = 250 mA, each side, which is the suggested mininum 
value of Ipq. For special applications such as linear amplifi- 
cation, IpDQ may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There- 
fore, the gate bias circuit may be just a simple resistive divid- 
er network. Some applications may require a more elaborate 
bias sytem. 


GAIN CONTROL 

Power output of the MRF141G may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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TECHNICAL DATA 


The RF MOSFET Line MRF148 


RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 


... designed for power amplifier applications in industrial, commercial and 


amateur radio equipment to 175 MHz. 30 W, to 175 MHz 
¢ Superior High Order IMD ean ee pomen 
e Specified 50 Volts, 30 MHz Characteristics FET 


Output Power = 30 Watts 
Power Gain = 18 dB (Typ) 
Efficiency = 40% (Typ) 
¢ IMD (dg) (80 W PEP) — —35 dB (Typ) 
¢ IMD(q11) (80 W PEP) ——60 dB (Typ) 


e 100% Tested For Load Mismatch At All Phase Angles With D 
30:1 VSWR 








MAXIMUM RATINGS 


Drain-Source Voltage Vpss 
Drain-Gate Voltage VpGo 
Gate-Source Voltage 


Drain Current — Continuous 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 





THERMAL CHARACTERISTICS 


Characteristic | Symbol | Max Unt 
Thermal Resistance, Junction to Case Rac | 52] tow 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Po haracteristic Symbol in [te Mex Unit 


OFF CHARACTERISTICS 


Zero Gate Voltage Drain Current (Vpg = 50 V, V@s = 0) 
Gate-Body Leakage Current (Vqs = 20 V, Vps = 0) : 


ON CHARACTERISTICS 









Gate Threshold Voltage (Vps = 10 V, Ip = 10 mA) VGS(th) 
Drain-Source On-Voltage (Vas = 10 V, Ip = 2.5 A) Vpsv(on) 


Forward Transconductance (Vpg=10V,Ip=25A) _ | ots | 







DYNAMIC CHARACTERISTICS 


Input Capacitance (Vps = 50 V, Vas = 0, f = 1.0 MHz) Ciss 


Output Capacitance (Vpg = 50 V, Vas = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance (Vps = 50 V, Vgs = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 


Common Source Amplifier Power Gain (30 MHz) 
(Vpp = 50 V, Pout = 30 W (PEP), Ipq = 100 mA) (175 MHz) 





Drain Efficiency (30 W PEP) 
(Vpp = 50 V, f = 30 MHz, Ipq = 100 mA) (30 W CW) 


Intermodulation Distortion 
(Vpp = 50 V, Pout = 30 W (PEP), IMD(a3) 
f = 30; 30.001 MHz, Ipq = 100 mA) IMD (d11) 


Load Mismatch 
(Vpp = 50 V, Pout = 30 W (PEP), f = 30; 30.001 MHz, 





IpQ = 100 mA, VSWR 30:1 at all Phase Angles) 


CLASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain Gps 
(Vpp = 50 V, Pout = 10 W (PEP), f1 = 30 MHz, IMD(a3) 





f2 = 30.001 MHz, Ipq = 1.0 A) IMD(ag—13) 


NOTE: 
1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 








+ 
_50V 
RF 
OUTPUT 

C1, C2, C3, C4, C5, C6 — 0.1 uF Ceramic Chip or Equivalent R1, R2 — 200 Q, 1/2 W Carbon 

C7 — 10 pF, 100 V Electrolytic R3 — 4.7 Q, 1/2 W Carbon 

C8 — 100 pF Dipped Mica R4 — 470 Q, 1.0 W Carbon 

L1— VK200 20/4B Ferrite Choke or Equivalent (3.0 1H) T1 — 4:1 Impedance Transformer 

L2— Ferrite Bead(s), 2.0 pH T2 — 1:2 Impedance Transformer 

Figure 1. 2.0 to 50 MHz Broadband Test Circuit 

MOTOROLA RF DEVICE DATA MRF148 


2-149 


POWER GAIN (dB) 


IMD, INTERMODULATION DISTORTION (dB) 


MRF148 
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C1 —91 pF Unelco Type MCM 01/010 = L2 — 4 Turns #18 AWG, 5/16” ID 


C2, C4— 0.1 uF Erie Red Cap R1 — 1.0 Ohm, 1/4 W Carbon 50Q 
C3 — Allen Bradley 680 pF Feed Thru R2— 2000 Ohm, 1/4 W Carbon = 125Q 
C5 — 1.0 yF, 50 Vde Electrolytic RFC1 — VK200 21/4B " 
C6 — 15 pF Unelco Type J101 T1 — 4:1 Transformer, 1.75” Subminiature T1 — 4:1 Impedance Ratio 
C7 — 24 pF Unelco Type MCM 01/010 Coaxial Cable Transformer, Line 


Li — 2 Turns #18 AWG, 5/16” ID 


Pout, OUTPUT POWER (WATTS) 





f, FREQUENCY (MHz) Pins INPUT POWER (WATTS) 


Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Input Power 


f 7, UNITY GAIN FREQUENCY (MHz) 





Pout, OUTPUT POWER (WATTS PEP) Ip, DRAIN CURRENT (AMPS) 


Figure 4. IMD versus Pout Figure 5. Common Source Unity Gain Frequency 
versus Drain Current 





+BIAS R2 







co RF OUTPUT 
RF INPUT ai — 








Impedance = 25 Q 
Figure 6. 150 MHz Test Circuit 
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Ing, DRAIN CURRENT (AMPS) 
|p, DRAIN CURRENT (AMPS) 





| 

tT 

I 
= a a a a 
f=] 


Vas, GATE-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 7. Gate Voltage versus Drain Current Figure 8. DC Safe Operating Area (SOA) 




















f=2.0MHz 
it 


Zin bp =50V 
70 lett DQ = 100 mA 
: EE Pout = 30 W PEP is 
40 Gate Shunted By 100 Q (4, 9 


COLA f= 20 MHz “Seek _ 














Zo * = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 


Figure 9. Impedance Coordinates — 50 Ohm 
Characteristic Impedance 
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RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 
fabrication of the SF MOSFET results in a junction capaci- 
tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjgss), 
output (Cogs) and reverse transfer (Crgs) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cigg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 


cits = Cod + Cys 


Cogs = Cgd + Cds 
Crsg = Cga 





LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional informa- 
tion on the capabilities of this device. The graph represents the 
smail signal unity current gain frequency at a given drain 
current level. This is equivalent to fT for bipolar transistors. 


Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some 
extent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, Vp¢(on), occurs in the 
linear region of the output characteristic and is specified under 
specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VDS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the RF MOSFET is a polysilicon material, and 
is electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS\(th): 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated Vqg can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protection 
is required, an external zener diode is recommended. 
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Collector Drain 
Emitter .... Source 
Base .... Gate 
V(BR)CES ---- V(BR)DSS 
Veeo ee Nie 
Ce D 
Ices see 108s 
EBO :::- ass 
VBE(on) ---- Va@sith) 
VcE(sat) ---- Vpsc(on) 
Cip Ciss 
~~ Coss 
ie Sfs 
Vv _ YDS(on) 
RCE(sat) = ais ein Ng oiidg. ag ig Miaraae a Siw eeRe wee pee ee eee "DS(on) = ID 
MRF148 MOTOROLA PF DEVICE DATA 
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m= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF MOSFET Line 


RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode 


... designed primarily for linear large-signal output stages up to 150 MHz 


frequency range. 150 W, to 150 MHz 

e Specified 50 Volts, 30 MHz Characteristics N-CHANNEL MOS 
Output Power = 150 Watts atl 
Power Gain = 17 dB (Typ) 





Efficiency = 45% (Typ) 
e Superior High Order IMD 
e IMD(q3) (150 W PEP) — —32 dB (Typ) 
¢ IMD(a11) (150 W PEP) — —60 dB (Typ) 


e 100% Tested For Load Mismatch At All Phase Angles With 
30:1 VSWR . 





MAXIMUM RATINGS 
Ri 
Drain-Source Voltage 
Drain-Gate Voltage 
Gate-Source Voltage 
Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 





THERMAL CHARACTERISTICS 


Se 
Thermal Resistance, Junction to Case Reuc | CW 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 


Operating Junction Temperature | 200 











MOTOROLA RF DEVICE DATA MRF150 
2-153 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)’ 


[hart 
OFF CHARACTERISTICS 
[Br Sauce Bcaldown lage Wes=O p= ima) | Vanoss | | — | - [=] 





ee oe 
ce aco 


Gate-Body Leakage Current (V@g = 20 V, Vpg = 0) | lass {| — | 
ON CHARACTERISTICS 


Gate Threshold Voltage (Vps = 10 V, Ip = 100 mA) VGS\(th) 


Drain-Source On-Voltage (Vag = 10 V, Ip = 10 A) VpS(on) 


sa 
eee! 
ere 
— 
| Reena ieibea eee Gs OUI EON ae ee 2p oe ee 2 
am 
za 
ee 





DYNAMIC CHARACTERISTICS 


Input Capacitance (Vpg = 50 V, Vqg = 0, f = 1.0 MHz) 
Output Capacitance (Vps = 50 V, Vqg = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance (Vpg = 50 V, Vg = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (SSB) 





Common Source Amplifier Power Gain f = 30 MHz 
(Vpp = 50 V, Pout = 150 W (PEP), Ipq = 250 mA) f= 150 MHz 
Drain Efficiency 
(Vpp = 50 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, . 
Ip (Max) = 3.75 A) 


Intermodulation Distortion (1) 
(Vpp = 50 V, Pout = 150 W (PEP), IMD(aa) 
f1 = 30 MHz, f2 = 30.001 MHz, Ipq = 250 mA) IMD(d11) 


Load Mismatch 


(Vpp = 50 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
IDQ = 250 mA, VSWR 30:1 at all Phase Angles) 


CLASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain Gps 
(Vpp = 50 V, Pout = 50 W (PEP), f1 = 30 MHz, IMD(a3) 
f2 = 30.001 MHz, Ipq = 3.0 A) IMD(dg—13) 


NOTE: 
1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 








BIAS + 








+ 
0-12V _ al _50V 
RF 
OUTPUT 
RF 
INPUT 
C1 — 470 pF Dipped Mica C10 — 10 pF/100 V Electrolytic 
C2, C5, C6, C7, C8, C9 — 0.1 pF Ceramic Chip or L1 — VK200/4B Ferrite Choke or Equivalent, 3.0 wH 
Monolythic with Short Leads L2— Ferrite Bead(s), 2.0 nH 
C3 — 200 pF Unencapsulated Mica or Dipped Mica Ri, R2 — 51 Q/1.0 W Carbon 
with Short Leads R38 — 3.3 Q/1.0 W Carbon (or 2.0 x 6.8 Q/1/2 W in Parallel 
C4 — 15 pF Unencapsulated Mica or Dipped Mica T1 — 9:1 Broadband Transformer 
with Short Leads T2 — 1:9 Broadband Transformer 
Figure 1. 30 MHz Test Circuit (Class AB) 
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anil an PR 
HEHE tn HES 
Ped de el ie sete TST TE | 
poobe i peSeet ASIC 4 


POWER GAIN (dB) 
Pout, OUTPUT POWER (WATTS) 








f, FREQUENCY (MHz) Pin, INPUT POWER (WATTS) 


Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Input Power 


IMD, INTERMODULATION DISTORTION (dB) 
f 7, UNITY GAIN FREQUENCY (MHz) 





20 40 60 80 100 ‘120 140 160 
Pout, OUTPUT POWER (WATTS PEP) Ip, DRAIN CURRENT (AMPS) 


Figure 4. IMD versus Pout Figure 5. Common Source Unity Gain Frequency 
versus Drain Current 





a 
= 
= 
b 
a 
& 
3 
z 
<= 
5 
3a Vps = 10V 
Qfs = 5 mhos 
Vag, GATE-SOURCE VOLTAGE (VOLTS) 
Figure 6. Gate Voltage versus 
Drain Current 
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£175 MHz 





30 


2 Jos 


Zoe 
7.5. Ol" F170 = 10.0 








; ew 
Vpp = 50 V 
lpg = 250 mA 
Pout = 150 W PEP <5 


‘eo, 





ia 
a 
oe ft Zoy* = Conjugate of the optimum load impedance 
ul into which the device output operates at a 

~ given output power, voltage and frequency. 
REEL CTRR ANTS fh OI NRA / 8 
NOTE: Gate Shunted By 25 Ohms. 








Figure 7. Series Equivalent Impedance 








BIAS 
0-12V 
RF OUTPUT 
RF INPUT 
C1, C2, C8 — Arco 463 or equivalent D1 = 1N5347 Zener Diode 
C3 — 25 pF Unelco L1 — 3/4” #18 AWG into Hairpin 
C4 — 0.1 uF Ceramic L2— Printed Line, 0.200” x 0.500” 
C5 — 1.0 pF, 15 WV Tantalum L3— 1” #16 AWG into Hairpin 
C6 — 250 pF Unelco J101 L4— 2 Turns #16 AWG, 5/16 ID 
C7 — 25 pF Unelco J101 RFC1— 5.6 wH Choke 
C9 — Arco 262 or equivalent RFC2 — VK200-4B 
C10 — 0.05 wF Ceramic R1, R2 — 150 ©, 1.0 W Carbon 
C11 — 15 pF, 60 WV Electrolytic 
Figure 8. 150 MHz Test Circuit (Class AB) 
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RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during the 
fabrication of the BF MOSFET results in a junction capaci- 
tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjgs), 
output (Cogs) and reverse transfer (Crs) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cigg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage of the drain in respect to source and zero 

volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 


Cigg = Cc 
a 


Crsg = Cgq 





LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data 
presented, Figure 5 may give the designer additional informa- 
tion on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain 
current level. This is equivalent to fT for bipolar transistors. 


Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some 
extent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VDS(on), occurs in the 
linear region of the output characteristic and is specified under 
specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VpS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the RF MOSFET is a polysilicon material, and 
is electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th)- 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated Vqs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. — 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protection 
is required, an external zener diode is recommended. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 








Collector Drain 
Emitter Source 
Base Gate 
V(BR)CES V(BR)DSS 
VeRO VDeo 
ic D 
ICES loss 
EBO ass 
VBE(on) V@Si(th) 
VCE(sat) VpDS(on) 
Cib Ciss 
Cob ; Coss 
fe Sfs 
CE(sat _ YDS(on) 
RCE (sat) os ce a dire iohe ake be da ae aea cia teas DS(on) = ID 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF MOSFET Line 


RF Power Field-Effect Transistor 
N-Channel Enhancement-Mode MOSFET 


. .. designed for broadband commercial and military applications at frequencies 


to 175 MHz. The high power, high gain and broadband performance of this 150 W, 50 V, 175 MHz 
device makes possible solid state transmitters for FM broadcast or TV channel N-CHANNEL 
frequency bands. BROADBAND 
e Guaranteed Performance at 30 MHz, 50 V: AE POWER MOSEEE 





Output Power — 150 W 
Gain — 18 dB (22 dB Typ) 
Efficiency — 40% 


¢ Typical Performance at 175 MHz, 50 V: 
Output Power — 150 W 
Gain — 13 dB 


e Low Thermal Resistance 
e Ruggedness Tested at Rated Output Power 
e Nitride Passivated Die for Enhanced Reliability 













MAXIMUM RATINGS 





THERMAL CHARACTERISTICS 
a 
Thermal Resistance, Junction to Case Reuc f G °C/W 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 





packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characteristic Syembot Twin Te ax | unk 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vgs = 0, Ip = 100 mA) V(BR)DSS Pos | — | = |] vec | 


Zero Gate Voltage Drain Current (Vpg = 50 V, V@s = 0) Ipss f — [{ ~— | 50 [ madc | 
Sate Bos) Lesteos Cite aos 20 ViNoe <0). =| lees fa 
ON CHARACTERISTICS 
[FomvardTransconduterce Vo5=70V.15=800 |e 
DYNAMIC CHARACTERISTICS 
= 
=| 
= 











FUNCTIONAL TESTS 


Common Source Amplifier Power Gain, f = 30; 30.001 MHz 
(Vpp = 50 V, Pout = 150 W (PEP), Ipq = 250 mA) f= 175 MHz 


Drain Efficiency 
(Vpp = 50 V, Pout = 150 W (PEP), f = 30; 30.001 MHz, 
ID (Max) = 3.75 A) 


Intermodulation Distortion (1) 
(Vpp = 50 V, Pout = 150 W (PEP), f = 30 MHz, 
f2 = 30.001 MHz, Ipq = 250 mA) 


Load Mismatch 
(Vpp = 50 V, Pout = 150 W (PEP), f1 = 30; 30.001 MHz, 
IDQ = 250 mA, VSWR 30:1 at all Phase Angles) 


CLASS A PERFORMANCE 


Intermodulation Distortion (1) and Power Gain 
(Vpp = 50 V, Pout = 50 W (PEP), f1 = 30 MHz, IMD(a3) 








£2 = 30.001 MHz, Ipq = 3.0 A) IMD(qg—13) 


NOTE: 
1. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 









BIAS + ue 50V 
0-12V memes Ei ne Ce 
RF 
OUTPUT 
RF 11 R3 cas 
INPUT | 
| C1 
C1 — 470 pF Dipped Mica L1— VK200/4B Ferrite Choke or Equivalent, 3.0 pH 
C2, C5, C6, C7, C8, C9 — 0.1 wF Ceramic Chip or L2 — Ferrite Bead(s), 2.0 nH 
Monolythic with Short Leads R1, R2 — 51 Q/1.0 W Carbon 
C3 — 200 pF Unencapsulated Mica or Dipped Mica R3 — 3.3 Q/1.0 W Carbon (or 2.0 x 6.8 Q/1/2 W in Parallel) 
with Short Leads T1—9:1 Broadband Transformer 
C4 — 15 pF Unencapsulated Mica or Dipped Mica T2 — 1:9 Broadband Transformer 
with Short Leads Board Material — 0.062” Fiberglass (G10), 
C10 — 10 F/100 V Electrolytic 1 oz. Copper Clad, 2 Sides, er = 5 
Figure 1. 30 MHz Test Circuit 
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BIAS 
0-12V 


C1, C2, C8 — Arco 463 or equivalent 
C3 — 25 pF Unelco 

C4 — 0.1 pF Ceramic 

C5 — 1.0 uF, 15 WV Tantalum 

C6 — 250 pF Unelco J101 

C7 — 25 uF Unelco J101 

C9 — Arco 262 or equivalent 

C10 — 0.05 uF Ceramic 

C11 — 15 pF, 60 WV Electrolytic 


RFC2 





D1 — 1N5347 Zener Diode 

L1 — 3/4” #18 AWG into Hairpin 

L2— Printed Line, 0.200” x 0.500” 

L3— 1” #16 AWG into Hairpin 

L4— 2 Turns #16 AWG, 5/16 ID 

RFC1 — 5.6 pH Choke 

RFC2 — VK200-4B 

R1, R2 — 150 Q, 1.0 W Carbon 

Board Material — 0.062” Fiberglass (G10), 
1 oz. Copper Clad, 2 Sides, er = 5.0 


Figure 2. 175 MHz Test Circuit 


TYPICAL CHARACTERISTICS 


ko) Ks) 
2 1B 


C, CAPACITANCE (pF) 


| 
ic st sc 


UP ETT A TH, 


V@g, DRAIN-SOURCE VOLTAGE (NORMALIZED) 


‘se fino Penae (VOLTS) 


Figure 3. Capacitance versus 
Drain-Source Voltage 
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To. chee rawenarine (°C) 


Figure 4. Gate-Source Voltage versus 
Case Temperature 
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Ip, DRAIN CURRENT (AMPS) 


(ZH) AONANDSYS NIVO ALINN Ly 
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Figure 6. Common Source Unity Gain Frequency 


Figure 5. DC Safe Operating Area 


versus Drain Current 
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Pin, INPUT POWER (WATTS) 


f, FREQUENCY ia 


Figure 8. Output Power versus Input Power 


Figure 7. Power Gain versus Frequency 
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Figure 9. IMD versus Pout 
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TYPICAL CHARACTERISTICS 
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ZoL* = Conjugate of the optimum load impedance 

into which the device output operates ata 

given output power, voltage and frequency. 
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NOTE: Gate Shunted By 25 Ohms. 
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Figure 10. Series Equivalent Impedance 


RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal anode gate structure de- 
termines the capacitors from gate-to-drain (Cgq), and gate- 
to-source (Cgs). The PN junction formed during the 
fabrication of the MOSFET results in a junction capacitance 
from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjgg), out- 
put (Cogs) and reverse transfer (Crss) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cigg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 





LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data pres- 
ented, Figure 6 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur- 
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rent level. This is equivalent to ft for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex- 
tent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, WOS(on) occurs in the 
linear region of the output characteristic and is specified un- 
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, Vps(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the MOSFET is a polysilicon material, and is 
electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th): 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated V@g can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gate of this device is essentially 
capacitor. Circuits that leave the gate open-circuited or float- 
ing should be avoided. These conditions can result in turn-on 
of the device due to voltage build-up on the input capacitor 
due to leakage currents or pickup. 
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Gate Protection — This device does not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 


HANDLING CONSIDERATIONS 

When shipping, the devices should be transported only in 
antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap- 
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 


DESIGN CONSIDERATIONS 

The MRF151 is an RF Power, MOS, N-channel enhance- 
ment mode field-effect transistor (FET) designed for HF and 
VHF power amplifier applications. 


MOTOROLA RF DEVICE DATA 


Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power MOSFETs include 
high gain, low noise, simple bias systems, relative immunity 
from thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal. 


DC BIAS 

The MRF151 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor- 
mance. The value of quiescent drain current (1pq) is not criti- 
cal for many applications. The MRF151 was characterized at 
[DQ = 250 mA, each side, which is the suggested minimum 
value of Ipq. For special applications such as linear amplifi- 
cation, [p@ may have to be selected to optimize the critical 
parameters. 

The gate is a de open circuit and draws no current. There- 
fore, the gate bias circuit may be just a simple resistive divid- 
er network. Some applications may require a more elaborate 
bias sytem. 


GAIN CONTROL 

Power output of the MRF151 may be controlled from its 
rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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TECHNICAL DATA 

The RF MOSFET Line 

RF Power Field-Effect Transistor 
N-Channel! Enhancement-Mode MOSFET 


. .. designed for broadband commercial and military applications at frequencies 
to 175 MHz. The high power, high gain and broadband performance of this 300 W, 50 V, 175 MHz 
device makes possible solid state transmitters for FM broadcast or TV channel N-CHANNEL 
frequency bands. BROADBAND 


e Guaranteed Performance at 175 MHz, 50 V: ae POR en Cee 
Output Power — 300 W 


Gain — 14 dB (16 dB Typ) 
Efficiency — 50% 
e Low Thermal Resistance — 0.35°C/W 
e Ruggedness Tested at Rated Output Power 
e Nitride Passivated Die for Enhanced Reliability D 
G 
Ss 
G (FLANGE) 
D CASE 375, STYLE 2 


MAXIMUM RATINGS 





Rating 
Drain-Source Voltage 
Drain-Gate Voltage 
Gate-Source Voltage 
Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C . 


Storage Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic | Symbol | 
Thermal Resistance, Junction to Case | Rac | 085 °C/W 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 


Operating Junction Temperature | 200 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS (Each Side) 


Drain-Source Breakdown Voltage (Vas = 0, Ip = 100 mA) V(BR)DSS ro ee 


[Zero Gate Volage Drain Gurent Vps=80V.Ves=0 | _oss_| 
| Gate-Body Leakage Curent Vas=20V\Vos=0) | tess _| 
ON CHARACTERISTICS (Each Side) 
[ Forward Transconductance (Vps=10V,15=600 ‘| ‘ots __| 
DYNAMIC CHARACTERISTICS (Each Side) 
FUNCTIONAL TESTS 
Common Source Amplifier Power Gain : 
(Vpp = 50 V, Pout = 300 W, Ipq = 500 mA, f = 175 MHz) 
Drain Efficiency : 
(Vpp = 50 V, Pout = 300 W, f = 175 MHz, Ip (Max) = 11 A) 


Load Mismatch 
(Vpp = 50 V, Pout = 300 W, Ipq = 500 mA, 
VSWR 5:1 at all Phase Angles) 




























R1 — 100 Ohms, 1/2 W 
R2— 1.0 kOhm, 1/2 W 
C1 — Arco 406, 15-115 pF 
C2 — Arco 402, 1.5-20 pF 


C3, C4, C7, C8, C9 — 1000 pF Chip T1— 9:1 RF Transformer. Can be made of 15-18 Ohms 
C5, C10 — 0.1 wF Chip Semirigid Co-Ax, 62—90 Mils O.D. 
C6 — 330 pF Chip T2 — 1:4 RF Transformer. Can be made of 15-18 Ohms 
C11 — 0.47 pF Ceramic Chip, Kemet 1215 or Semirigid Co-Ax, 70-90 Mils O.D. 
Equivalent (100 V) Board Material — 0.062” Fiberglass (G10), 
C12 — Arco 403, 3.0—35 pF 1 oz. Copper Clad, 2 Sides, er = 5.0 
L1— 10 Turns AWG #16 Enameled Wire, NOTE: For stability, the input transformer T1 must be loaded 
Close Wound, 1/4” 1.D. with ferrite toroids or beads to increase the common 
L2— Ferrite Beads of Suitable Material for mode inductance. For operation below 100 MHz. The 
1.5—2.0 pH Total Inductance same is required for the output transformer. 
Unless Otherwise Noted, All Chip Capacitors are ATC Type 100 or Equivalent. See Figure 6 for construction details of T1 and T2. 


Figure 1. 175 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
2000 
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Vps; DRAIN-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPS) 
Figure 2. Capacitance versus Figure 3. Common Source Unity Gain Frequency 
Drain-Source Voltage* versus Drain Current* 


*Data shown applies to each half of MRF151G. 
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Figure 4. Gate-Source Voltage versus Figure 5. DC Safe Operating Area 
Case Temperature* 
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Figure 6. RF Transformer 
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TYPICAL CHARACTERISTICS 
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Figure 7. Output Power versus Input Power Figure 8. Power Gain versus Frequency 
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ZoL* = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 


Figure 9. Input and Output Impedance 
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RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results § in capacitors 
between the terminals.. The metal anode gate structure de- 
termines the capacitors from gate-to-drain (Cgq), and gate- 
to-source (Cgs). The PN junction formed during the 
fabrication of the RF MOSFET results in a Sanu capaci- 
tance from drain-to-source (Cqs). 

These capacitances are characterized as input (Cjgg), out- 
put (Coss) and reverse transfer (Crgs) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cigs can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 


DRAIN 


Cys 


SOURCE 





LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data pres- 
ented, Figure 3 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur- 
rent level. This is equivalent to f— for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex- 
tent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VpS(on), occurs in the 
linear region of the output characteristic and is specified un- 
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VDS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the MOSFET is a polysilicon material, and is 
electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VQS(th): 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated Vqg can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are es- 
sentially capacitors. Circuits that leave the gate open-cir- 
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cuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 


HANDLING CONSIDERATIONS 

When shipping, the devices should be transported only in 
antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap- 
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 


DESIGN CONSIDERATIONS 

The MRF151G is an RF Power, MOS, N-channel en- 
hancement mode field-effect transistor (FET) designed for 
HF and VHF power amplifier applications. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power MOSFETs include 
high gain, low noise, simple bias systems, relative immunity 
from thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal. 


DC BIAS 

The MRF151G is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor- 
mance. The value of quiescent drain current (Ipq) is not criti- 
cal for many applications. The MRF151G was characterized 
at IDQ = 250 mA, each side, which is the suggested minimum 
value of Ipq. For special applications such as linear amplifi- 
cation, Ipq may have to be selected to optimize the critical 
parameters. ° 

The gate is a de open circuit and draws no current. There- 
fore, the gate bias circuit may be just a simple resistive divid- 
er network. Some applications may require a more elaborate 
bias sytem. 


GAIN CONTROL 

Power output of the MRF151G may be controlled from its 
rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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TECHNICAL DATA 

The RF MOSFET Line 

RF Power Field Effect Transistor 
N-Channel Enhancement-Mode MOSFET 


. . designed primarily for linear large-signal output stages in the 2.0-100 MHz 


frequency range. 600 W, 50 V, 80 MHz 
e Specified 50 Volts, 30 MHz Characteristics SARE AIAG 
Output Power = 600 Watts RF polit MOSFET 


Power Gain = 17 dB (Typ) 
Efficiency = 45% (Typ) 








CASE 368, STYLE 2 
s (HOG PAC) 





MAXIMUM RATINGS 


a 
a 
[eateSoucevotay ———SSSCSCSCS~d Cs 
A 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to +150 | | 













THERMAL CHARACTERISTICS 


Characteristic | Symbol | 





Thermal Resistance, Junction to Case | Rac | ots | ow 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.)< : 


Pp aractertotic | Symbot in ee 


OFF CHARACTERISTICS 






[Dan Sauce Beatdown Vlage Was=07p=TnA) | Wensss |= [| - | 
[Za Gea Vago Dan CurentVog=e0V.Vas=0) | toss | _— | — | 

[Gaiety Lente Curent Vas=20V.Vos=0 | less _| 
ON CHARACTERISTICS 

[Forward Tansondcanoo Vos=70¥"=20, | ae _—_| 






DYNAMIC CHARACTERISTICS 


input Capacitance (Vpg = 50 V, V@g = 0, f = 1.0 MHz) 


Output Capacitance (Vpg = 50 V, Vag = 0, f= 1.0 MHz) 
Reverse Transfer Capacitance (Vps = 50 V, V@s = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common Source Amplifier Power Gain 
(Vpp = 50 V, Pout = 600 W, Ipq = 800 mA, f = 30 MHz) 





Drain Efficiency 
(Vpp = 50 V, Pout = 600 W, Ipq = 800 mA, f = 30 MHz) 


Intermodulation Distortion 
(Vpp = 50 V, Pout = 600 W (PEP), 
f1 = 30 MHz, f2 = 30.001 MHz, Ipq = 800 mA) 












RF. i= 
Cio Ctl C12 
INPU 
é3 & 1 
2. = 
C1 le BE 
tt . 11 OUTPUT 
C1, C3, C8 — Arco 469 
C2 — 330 pF = 
C4 — 680 pF = 
C5, C19, C20 — 0.47 nF, RMC Type 22256 
C6, C7, C14, C15, C16 — 0.1 WF 
C9, C10, C11 — 470 pF 
C12 — 1000 pF 
C13 — Two Unencapsulated 1000 pF Mica, in Series Ri, R2 — 10 Ohms/2.0 W Carbon 
‘C17, C18 — 0.039 pF T1 — RF Transformer, 1:25 Impedance Ratio. See Motorola 
C21 — 10 1F/100 V Electrolytic Application Note AN749, Figure 4 for details. 
L1—2 Turns #16 AWG, 1/2” ID, 3/8” Long Ferrite Material: 2 Each, Fair-Rite Products 
L2, L3 — Ferrite Beads, Fair-Rite Products Corp. #2673000801 Corp. #2667540001 
All capacitors ATC type 100/200 chips or equivalent unless otherwise noted. 
Figure 1. 30 MHz Test Circuit 
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POWER GAIN (dB) 
Pout. OUTPUT POWER (WATTS) 





f, FREQUENCY (MHz) Pin, INPUT cones (WATTS) 


Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Input Power 


Ip, DRAIN CURRENT (AMPS) 
| 
| 
[| 





Vps, DRAIN- scliace VOLTAGE (VOLTS) Vps; “ik rfide ve 





50 100 


Figure 4. DC Safe Operating Area Figure 5. Capacitance versus Drain Voltage 


TYPICAL DEVICE SHOWN 
Vps =10V 

Vasith) = 3.5 V 

Gfs = 24 mhos 


Ipg, DRAIN CURRENT (AMPS) 
f, UNITY GAIN FREQUENCY (MHz) 





ian 
a oe ee ee 
0 2 6 8 


Vas, GATE-SOURCE VOLTAGE (VOLTS) Ip, DRAIN CURRENT (AMPS) 


Figure 6. Gate Voltage versus Drain Current Figure 7. Common Source Unity Gain Frequency 
versus Drain Current 
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Figure 8. Series Equivalent Impedance 





C1— 1000 pF Ceramic 

C2, C3, C4, C8, C9, C10, C11 — 0.1 pF Ceramic 

C5 — 10 nF/100 V Electrolytic 

C6, C7 — 0.1 pF Ceramic, (ATC 200/823 or Equivalent) 

D1 — 28 V Zener, 1N5362 or Equivalent 

D3 — 1N4148 

1C1 —MC1723 

L1, L2 — Fair-Rite Products Corp. Ferrite Beads #2673000801 
Ri, R2, R38 — 10 k Trimpot 


R7— 10k 
R8 — Thermistor, 10 k (25°C), 2.5 k (75°C) 
R9, R10 — 100 Ohms 
R11, R12 — 1.0 k 
R13, R14 — 50-100 Ohms, 4.0 x 2.0 W Carbon in Parallel 
T1— 9:1 Transformer, Trifilar and Balun Wound on Separate 
Fair-Rite Products Corp. Balun Cores #286100012, 5 Turns Each. 
T2— 1:9 Transformer, Balun 50 Ohm CO-AX Cable RG-188, 
Low Impedance Lines W.L. Gore 16 Ohms CO-AX Type CXN 1837. 





R4— 1.0k/1.0W Each Winding Threaded Through Two Fair-Rite Products Corp. 
R5 — 10 Ohms #2661540001 Ferrite Sleeves (6 Each). 
R6 — 2.0 k XTR — MRF154 
Figure 9. 20—80 MHz 1.0 kW Broadband Amplifier 
MRF154 


2-172 


MOTOROLA RF DEVICE DATA 


RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal oxide gate structure deter- 
mines the capacitors from gate-to-drain (Cgq), and gate-to- 
source (Cgg). The PN junction formed during the fabrication 
of the RF MOSFET results in a junction capacitance from 
drain-to-source (Cqs). ; 

These capacitances are characterized as input (Cjgs), out- 
put (Coss) and reverse transfer (Crsg) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cigg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage of the drain in respect to source and zero 

volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 





LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data pres- 
ented, Figure 5 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur- 
rent level. This is equivalent to fT for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex- 
tent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VDS(on), occurs in the 
linear region of the output characteristic and is specified un- 
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, Vps(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 
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GATE CHARACTERISTICS 

The gate of the RF MOSFET is a polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high — on the order of 109 ohms 
— resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th)- 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated Vqs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are es- 
sentially capacitors. Circuits that leave the gate open-cir- 
cuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended. 


MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS 

The package of this device is designed for conduction 
cooling. It is extremely important to minimize the thermal re- 
sistance between the device flange and the heat dissipator. 

Since the device mounting flange is made of soft copper, it 
may be deformed during various stages of handling or during 
transportation. It is recommended that the user makes a final 
inspection on this before the device installation. +0.0005” is 
considered sufficient for the flange bottom. 

The same applies to the heat dissipator in the device 
mounting area. If copper heatsink is not used, a copper head 
spreader is strongly recommended between the device 
mounting surfaces and the main heatsink. It should be at 
least 1/4” thick and extend at least one inch from the flange 
edges. A thin layer of thermal compound in all interfaces is, 
of course, essential. The recommended torque on the 4-40 
mounting screws should be in the area of 4—5 lbs.-inch, and 
spring type lock washers along with flat washers are recom- 
mended. 

For die temperature calculations, the A temperature from a 
corner mounting screw area to the bottom center of the 
flange is approximately 5°C and 10°C under normal operat- 
ing conditions (dissipation 150 W and 300 W respectively). 

The main heat dissipator must be sufficiently large and 
have low Rg for moderate air velocity, unless liquid cooling is 
employed. 
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CIRCUIT CONSIDERATIONS 

At high power levels (500 W and up), the circuit layout be- 
comes critical due to the low impedance levels and high RF 
currents associated with the output matching. Some of the 
components, such as capacitors and inductors must also 
withstand these currents. The component losses are directly 
proportional to the operating frequency. The manufacturers 


specifications on capacitor ratings should be consulted on 
these aspects prior to design. 

Push-pull circuits are less critical in general, since the 
ground referenced RF loops are practically eliminated, and 
the impedance levels are higher for a given power output. 
High power broadband transformers are also easier to de- 
sign than comparable LC matching networks. 


EQUIVALENT TRANSISTOR PARAMETER TERMINOLOGY 


Collector Drain 
Emitter Source 
Base Gate 
V(BR)CES V(BR)DSS 
VoB0 Voao 
IC D 
Ices pss 
EBO GSS 
VBE(on) ---- -+» V@Sith) 
VCE(sat) anes -» Vps(on) 
Cib iss 
2 = 
le Sts 
Vv Vpsvon 
RCE(sat) = ic edie aigistele Sioeta Hie.8 Pe CT INC 'DS(on) = as aed 
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MOTOROLA . 
= SEMICONDUCTOR Sn 


TECHNICAL DATA 

The RF Power MOS Line MRF157 
Power Field Effect Transistor Bel oar) te 
N-Channel Enhancement Mode 


Designed primarily for linear large-signal output stages to 80 MHz. 


e Specified 50 Volts, 30 MHz Characteristics 600 W, to 80 MHz © 
Output Power = 600 Watts MOS LINEAR 


Power Gain = 21 dB (Typ) RF POWER FET 
Efficiency = 45% (Typ) 
D 
: 
s 
CASE 368, STYLE 2 
Operating Junction Temperature 
THERMAL CHARACTERISTICS 


Characteristic ee ee eee 
Thermal Resistance, Junction to Case Rac | ts | 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 





MAXIMUM RATINGS 


Drain-Source Voltage 
Drain-Gate Voltage 
Gate-Source Voltage 


Drain Current— Continuous _ 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 











Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) : 


ee 


OFF CHARACTERISTICS 


[Drain-Source Beatdown Volage Va5=0 p= 100mA) | Wemoss | [| — | - | | 
[Zao Gato Votag rain GurentVps=80V.Ves=0) | toss_| — | — |» | ane 
[Gator Leakago Curent Vas=20UVos=0) | less | — | 8° | wae _| 


ON CHARACTERISTICS ; 

[Gato Throshad Vago Vog=TOvia=100mA) ‘| Vesmy [0 | 0 [ 80 [ ve 
[Brin Source OnVotage Vas=10V.ip=40A | Vosioy | — | — | 80 | ve 
[ForardTrnecondudance Vos T0V,io=20) [| _ae | | # | — | ah | 


DYNAMIC CHARACTERISTICS 


Input Capacitance Ciss 1800 
(Vps = 50 V, Vag = 0 V, f = 1.0 MHz) 

Output Capacitance Coss 750 
(Vps = 50 V, Vag = 0, f = 1.0 MHz) 

Reverse Transfer Capacitance Crss 75 
(Vps = 50 V, Vag = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS 
Common Source Amplifier Power Gain Gps 
(Vpp = 50 V, Pout = 600 W, Ipq = 800 mA, f=30 MHz) 
Drain Efficiency % 
(Vpp = 50 V, Pout = 600 W, f = 30 MHz, Ipq = 800 mA) 
Intermodulation Distortion IMD(qa3) 
(Vpp = 50 V, Pout = 600 W(PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Ipq = 800 mA) 



























INPUT 
RF 
OUTPUT 





Ci, C3, C8 — Arco 469 

C2 — 330 pF 7 
C4 — 680 pF 

C5, C19, C20 — 0.47 pF, RMC Type 2225C 

C6, C7, C14, C15, C16 — 0.1 pF 

C9, C10, C11 — 470 pF 

C12 — 1000 pF 


C13 — Two Unencapsulated 1000 pF Mica, in Series R1, R2— 10 Ohms/2W Carbon 
C17, C18 — 0.039 pF T1 — RF Transformer, 1:25 Impedance Ratio. See Motorola 


C21 — 10 4F/100 V Electrolytic Application Note AN749, Figure 4 for details. 
Li — 2 Tums #16 AWG, 1/2” ID, 3/8” Long Ferrite Material: 2 Each, Fair-Rite Products 


L2, L3 — Ferrite Beads, Fair-Rite Products Corp. #2673000801 Corp. #2667540001 
All capacitors ATC type 100/200 chips or equivalent unless otherwise noted. 


Figure 1. 30 MHz Test Circuit 
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Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Input Power 
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Vps, DRAIN-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 4. DC Safe Operating Area Figure 5. Capacitance versus Drain Voltage 


Vesith) =3.5V 
Qfs = 24 mhos 


Ips, DRAIN CURRENT (AMPS) 
8 
Vas, GATE~SOURCE VOLTAGE (NORMALIZED) 





ae ee ee a 
2 4 6 





Vas, GATE-SOURCE VOLTAGE (VOLTS) Tc, CASE TEMPERATURE (°C) 
Figure 6. Gate Voltage versus Drain Current. Figure 7. Gate-Source Voltage versus 
Case Temperature 
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g 
Vop =60 Vv = 
IpQ = 2x 800 mA § 
= f=30 MHz = 
pend ty = 1 ms (See Fig. 9) 
5 tp = 10 ms (See Fig. 9) Z Deca aax H 
3 2 AVES APPLY FOR POWER 
& Fa 
8 3 
= i MLasaiiliy | 
3 = mae: aim 
a. ro I 
2 _W | I 
“4 
é 2 tot 1 40 102 108 104 
Pin, POWER INPUT (WATTS) PULSE WIDTH, t (ms) 
Figure 8. Output Power versus Input Power Figure 9. Thermal Response versus 
Under Pulse Conditions (2 x MRF157) Pulse Width 


Note: Pulse data for this graph was taken in a push-pull circuit similar 
to the one shown. However, the output matching network was 
modified for the higher level of peak power. 
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Note: To determine Zo", use formula ——3-B>— — = ZOL* 


Figure 10. Series Equivalent Impedance 
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C1 — 1000 pF Ceramic Disc Capacitor 
C2, C3, C4 — 0.1 wF Ceramic Disc Capacitor 
C5 — 0.01 pF Ceramic Chip Capacitor 
C6, C12 — 0.1 uF Ceramic Chip Capacitor 
C7, C8 — Two 2200 pF Ceramic Chip Capacitors in Parallel Each 
C9 — 820 pF Ceramic Chip Capacitor 
C10, C11 — 1000 pF Ceramic Chip Capacitor 
C13 — 0.47 pF Ceramic Chip Capacitor or Two Smaller Values 
in Parallel 
C14 — Unencapsulated Mica, 500 V. Two 1000 pF Units 
in Series, Mounted Under T2 
D1 — 1N5357A or Equivalent 
D2, DS — 1N4148 or Equivalent. 
C1 — MC1723 (723) Voltage Regulator 
L1, L2— 15 nH, Connecting Wires to R14 and R15, 








L3— 10 pH, 10 Tums #12 AWG Enameled Wire on 
Fair-Rite Products Corp. Ferrite Toroid #5961000401 or Equivalent 

R1, R2 — 1.0K Single Turn Trimpots 

R3 — 10K Single Tum Trimpot 

R4 — 470 Ohms, 2.0 Watts 

R5— 10 Ohms 

R6, R12, R13 — 2.0K Ohms 

R7 — 10K Ohms 

R8 — Exact Value Depends on Thermistor R9 used 
(Typically 5.0- 10K) 

R9 — Thermistor, Keystone RL1009-5820-97-D1 or 
Equivalent 

R10, R11 — 100 Ohms, 1.0W Carbon 

R14, R15 — EMC Technology Model 5308 or KD! 

Pyrofilm PPR 870-150-3 Power Resistors, 


2.5 cm Each #20 AWG 


25 Ohms 
T1, T2 —9:1 and 1:9 Impedance Ratio RF Transformers 


Unless otherwise noted, all resistors are 1/2 watt metal film type. All chip capacitors except C13 are ATC type 100/200B or Dielectric Laboratories type C17. 
Figure 11. 2.0 to 50 MHz, 1.0 kW Wideband Amplifier 
RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal oxide gate structure deter- 
mines the capacitors from gate-to-drain (Cgq), and gate-to- 
source (Cgs). The PN junction formed during the fabrication 
of the TMOS® FET results. in a junction capacitance from 
drain-to-source (Cqs). 

These capacitances are characterized as input (Cjgg), out- 
put (Cogs) and reverse transfer (Crs) capacitances on data 
sheets. The relationships between the interterminal capaci- 
tances and those given on data sheets are shown below. The 
Cigs can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 
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LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain data pres- 
ented, Figure 5 may give the designer additional information 
on the capabilities of this device. The graph represents the 
small signal unity current gain frequency at a given drain cur- 
rent level. This is equivalent to fT for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex- 
tent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VpS(on), occurs in the 
linear region of the output characteristic and is specified un- 
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, Vps(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the TMOS FET is a polysilicon material, and is 
electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 


VGS(th)- 
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Gate Voltage Rating — Never exceed the gate voltage 
tating. Exceeding the rated VGs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are es- 
sentially capacitors. Circuits that leave the gate open-cir- 
cuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. The addition of 
an internal zener diode may result in detrimental effects on 
the reliability of a power MOSFET. If gate protection is re- 
quired, an external zener diode is recommended. 


IMPEDANCE CHARACTERISTICS 

Device input and output impedances are normally obtained 
by measuring their conjugates in an optimized narrow band test 
circuit. These test circuits are designed and constructed for a 
number of frequency points depending on the frequency cover- 
age of characterization. For low frequencies the circuits consist 
of standard LC matching networks including variable capacitors 
for peak tuning. At increasing power levels the output imped- 
ance decreases, resulting in higher RF currents in the matching 
network. This makes the practicality of output impedance mea- 
surements in the manner described questionable at power lev- 
els higher than 200-300 W for devices operated at 50 V and 
150-200 W for devices operated at 28 V. The physical sizes 
and values required for the components to withstand the RF 
Currents increase to a point where physical construction of the 
output matching network gets difficult if not impossible. For this 
reason the output impedances are not given for high power de- 
vices such as the MRF154 and MRF157. However, formulas 


like Wings Veet for a_ single 
or 2M =i, at)) for a push-pull design can be used to 


ended design 


obtain arta close approximations to actual values. 


MOUNTING OF HIGH POWER RF 
POWER TRANSISTORS 
The package of this device is designed for conduction 
cooling. It is extremely important to minimize the thermal re- 
sistance between the device flange and the heat dissipator. 
\f a copper heatsink is not used, a copper head spreader is 
strongly recommended between the device mounting sur- 
faces and the main heatsink. It should be at least 1/4” thick 
and extend at least one inch-from the flange edges. A thin 
layer of thermal compound in all interfaces is, of course, es- 
sential. The recommended torque on the 4—40 mounting 
screws should be in the area of 4—5 Ibs.-inch, and spring 
type lock washers along with flat washers are recommended. 
For die temperature calculations, the A temperature from a 
corner mounting screw area to the bottom center of the 
flange is approximately 5°C and 10°C under normal operat- 
ing conditions (dissipation 150 W and 300 W respectively). 
The main heat dissipator must be sufficiently large and 
have low Re for moderate air velocity, unless liquid cooling is 
employed. 


CIRCUIT CONSIDERATIONS 

At high power levels (500 W and up), the circuit layout be- 
comes critical due to the low impedance levels and high RF 
currents associated with the output matching. Some of the 
components, such as capacitors and inductors must also 
withstand these currents. The component losses are directly 
proportional to the operating frequency. The manufacturers 
specifications on capacitor ratings should be consulted on 
these aspects prior to design. 

Push-pull circuits are less critical in general, since the 
ground referenced RF loops are practically eliminated, and 
the impedance levels are higher for a given power output. 
High power broadband transformers are also easier to de- 
sign than comparable LC matching networks. 
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Emitter .............0008 Source 
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Cited Seater coca D 
ICES agslars shlslete tata oes IDSs 
EBOwss cities ane e cas’: GSs 
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TECHNICAL DATA 


The RF TMOS® Line MRF1 an 
Power Field Effect Transistor MRF158 
N-Channel Enhancement Mode ete er re 
Designed for wideband large-signal amplifier and oscillator applications to 
POO riz: 2.0 W, to 500 MHz 
e Guaranteed 28 Volt, 400 MHz Performance TMos 
Output Power = 2.0 Watts BROADBAND 
Minimum Gain = 16 dB RF POWER FET 





Efficiency = 55% (Typical) 
e Grounded Source Package for High Gain and Excellent Heat 
Dissipation (MRF158R) 
e Facilitates Manual Gain Control, ALC and Modulation 
Techniques 
e 100% Tested for Load Mismatch at All Phase Angles with 
30:1 VSWR 


e Excellent Thermal Stability, ideally Suited for Class A 
Operation 
















MAXIMUM RATINGS 






Storage Temperature Range MRF158 


MRF158R 


Opering tron Torpra ee 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case MRF158 
MRF158R 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 





Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


pi Charncteristio | Symbot ine en 


OFF CHARACTERISTICS 


Drain-Source Broakdown Volage Wa5=0,Io=sOma) | Varnes | _® | — | — | | 


Zero Gate Voltage Drain Current (Vpg = 28 V, Vqg = 0) 
Gate-Source Leakage Current (Vqg = 40 V, Vps = 0) 


ON CHARACTERISTICS 





DYNAMIC CHARACTERISTICS 


Input Capacitance (Vps = 28 V, V@g = 0, f = 1.0 MHz) i [| — | 
Output Capacitance (Vpg = 28 V, Vag = 0, f= 1.0 MHz) z | — | 





Reverse Transfer Capacitance (Vps = 28 V, Vqg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Common Source Power Gain 
(Vpp = 28 Vde, Pout = 2.0 W, f = 400 MHz, Ipq = 100 mA) 


Drain Efficiency (Figure 1) 
(Vpp = 28 Vdc, Pout = 2.0 W, f = 400 MHz, Ipg = 100 mA) 


Electrical Ruggedness (Figure 1) 
(Vpp = 28 Vde, Pout = 2.0 W, f = 400 MHz, Ipq = 100 mA, 


VSWR 30:1 at all Phase Angles) 


MRF158 
Series Equivalent Input Impedance 
(Vpp = 28 V, Pout = 2.0 W, f = 400 MHz, Ipq = 100 mA) 


Series Equivalent Output Impedance Zout 16.96 — j62 
(Vpp = 28 V, Pout = 2.0 W, f = 400 MHz, Ipq = 100 mA) 
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C1, C3, C5 — 0.8-10 pF Piston Trimmer Capacitor L4 — Hairpin Inductor #18 W fh 7% eo 
C2, C6 — 270 pF Chip Capacitor L5 — 8 Turns #18 W .380” ID 
C4 — 8.0 pF Mini-Unelco Capacitor L6 — VK200/10/3B Ferroxcube Choke 
C7, C8 — 0.01 .F Ceramic Capacitor R1 — 1.0 kQ 1/4 W Resistor 
C9 — 25 pF 50 V Tantalum Capacitor -300-> aa z7 R2— 10 kQ 1/4 W Resistor 
0 320 Board Material — 0.060” Teflon Fiberglass ¢€, = 2.55 

L1 — Hairpin Inductor #20 W 7 Copper Clad both sides 2 oz. copper 

.300->4 rt 
L2— Hairpin Inductor #20 W if. 7s mes 


L3 — Two Turns #18 W 1/4” ID 
Figure 1. 400 MHz Test Circuit, MRF158R 


C10 RFC1 ci 
D1 R4 en Vpp 28V 


a5 
C12 
| + Voc 







R3 






RF OUTPUT 





zB 

RF INPUT 74 C2 

Ci a 
Ci, C4, C5 — Johanson Trimmer Capacitor, 2-20 pF R1 —91 Q 1/2 Watt 
C2, C6 — 270 pF Chip Capacitor R2 — 10 kQ 1/2 Watt 
C3 — Arco 404 R3 — 10 kQ, 10 Turns Bourns 
C7, C8, C9 — 0.1 pF R4 — 1.8 k 1.4 Watt 
C10, C11 — 680 pF Feed Through u41 RFC1 — Ferroxcube VK200-19/4B 
C12—50 pF, 50V 0.245” | be RFC2 — 10 Turns #20 AWG Enameled, 0.250” ID 
D1 — 1N5925A Motorola Zener . yy Z1 — Microstrip Line 0.150” wide, 0.420” long 
L1 — #18 AWG, Hairpin 0.825” long, bend Lf. =~ 0.330” Z2 — Microstrip Line 0.150” wide, 0.420” long 
into hairpin 7 Z3 — Microstrip Line 0.150” wide, 0.475” long 
L2 — #18 AWG, Hairpin 0.875” long, bend 24 — Microstrip Line 0.150” wide, 0.825” long 
into hairpin ->| [e- Z5 — Microstrip Line 0.150” wide, 0.750” long 
L3 — #18 AWG, Hairpin 0.965” long, bend 0.240” 0. + aasee Z6 — Microstrip Line 0.150” wide, 0.500” long 
into hairpin ay : 27 — Microstrip Line 0.150” wide, 0.500” long 


Z8 — Microstrip Line 0.150” wide, 0.450” long 
Board Material — 0.062”, Teflon Fiberglass, 2 oz., 
Copper clad both sides, €, = 2.55 on0d y 
0.475” 
is 


Figure 2. 400 MHz Test Circuit, MRF158 
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TYPICAL CHARACTERISTICS 
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Figure 3. Capacitance versus Drain-Source Voltage Figure 4. DC Safe Operating Area 
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MRF158R ONLY 


Pout = 2W 
ZN ZoL 
OHMS OHMS 
400 | 65-j49 | 31-j47 
t | 500 | 54-}42 | 16-j82 


? aes ss ' 

; ZN TH) 4S 7OL SS) <TH impedance into which the device “-\.-—~ 
je Bf = 400 MHz. VRE ae output operates at a given output -_ 1 

eae aoe f= 400 MHz eH ‘i>: power, voltage, and frequency. i 
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Figure 7. Series Equivalent Input and 
Output Impedances 
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Table 1. Typical Common Emitter S-Parameters (MRF158R) 


















































Figure 8. Test Circuit, Top View (MRF158R) 





Figure 9. Test Circuit, Bottom View (MRF158R) 
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MRF158 ONLY 


Table 2. Typical Common Emitter S-Parameters (MRF158) 





Figure 10. Test Circuit (MRF158) 





(Not to Scale) 
Figure 11. PC Board Photomaster (MRF158) 
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MOTOROLA 
= SEMICONDUCTOR Se 


TECHNICAL DATA 

The RF MOSFET Line 

RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 


. .. designed for wideband large-signal amplifier and oscillator applications up 
to 400 MHz range. 5.0 W, to 400 MHz 


e Guaranteed 28 Volt, 400 MHz Performance N-CHANNEL MOS 
Output Power = 5.0 Watts BROADBAND RF POWER 


Minimum Gain = 11 dB Fer 
Efficiency — 50% (Typical) 
e Small-Signal and Large-Signal Characterization 


e 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 


e Low Noise Figure — 3.0 dB (Typ) at 100 mA, 400 MHz 


e Excellent Thermal Stability, Ideally Suited For Class A 
Operation 


e Facilitates Manual Gain Contro!, ALC and Modulation 
Techniques 











MAXIMUM RATINGS 


Drain-Source Voltage 


Drain-Gate Voltage 
(R@s = 1.0 MQ) 


Gate-Source Voltage 
Drain Current — Continuous 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 


Storage Temperature Range 





THERMAL CHARACTERISTICS 


PC haracieistis —*Y Sb 
Thermal Resistance, Junction to Case Reuc a ae “CW 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 


Operating Junction Temperature a 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Se 
OFF CHARACTERISTICS 

[Dia Souoe Breakdown Vatage Wag=Olp=60mN | Venpss | © | — | _— | ve _| 
Zor Gate Votage Drain GurentVs=28.Vo5=0 | toss | _— | — | 70 | mado] 
ee 


ON CHARACTERISTICS 


Gate Threshold Voltage (Vpg = 10 V, Ip = 10-mA) Vestth) | 1.0 | 












Forward Transconductance (Vps = 10 V, Ip = 100 mA) 


DYNAMIC CHARACTERISTICS 


Input Capacitance (Vpg = 28 V, Vas = 0, f = 1.0 MHz) 
Output Capacitance (Vpg = 28 V, Vgg = 0, f= 1.0.MHz) 





Reverse Transfer Capacitance (Vpg = 28 V, V@g = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


pee 
Ree ad oe 
Pe | ieee | 
hee) feet 
(Vpg = 28 Vde, Ip = 100 mA, f = 400 MHz, 
Zg = 67.6 +j14.1, Z, = 14.5 + j25.7) 


Common Source Power Gain 
(Vpp = 28 Vde, Pout = 5.0 W, f = 400 MHz, Ipq = 50 mA) 


Drain Efficiency 

(Vpp = 28 Vde, Pout = 5.0 W, f = 400 MHz, Ipq = 50 mA) 
Electrical Ruggedness 

(Vpp = 28 Vde, Pout = 5.0 W, f= 400 MHz, Ipg = 50 mA, 


VSWR 30:1 at all Phase Angles) 





VBIAS 
+28V 


RF 
INPUT 





C1, C2, C13 — 0.1 uF, 50 V Disc Ceramic L3 — 1-3/4 Tums, 0.128” ID 0.11” Long #18 AWG Enamel — (15 nH) 
C3 — 0.01 pF, 100 V Disc Ceramic L4 — #18 AWG Enamel, Hairpin 0.410" — (125 nH) 

C4, C10 — 220 pF, 100 Mil Chip Cap Ri — 1.6 kQ, 1/4W 0.185” 

C5 — 1.0—10 pF Johanson or Equivalent R2— 10 Turns 10 kQ 

C6 — 5.0 pF Mini-Uneico or Equivalent R3— 10k, 1/2W 

C7 — 1.0-20 pF Johanson or Equivalent RFC1 — 10 Turns, 0.300” ID #20 AWG Enamel Closewound 
C8 — 15 pF, 100 Mil ATC Chip Cap or Equivalent RFC2 — Ferroxcube VK-200 

C9, C11 — 2.2, 100 Mil ATC Chip Cap or Equivalent Z1 — 0.82” x 0.164” Microstrip — (Zo = 50 Q) 

C12, C14 — 680 pF Feedthru Z2, Z3 — 0.60” x 0.25” Microstrip 

C15 — 50 pF, 35 V 24 — 0.76” x 0.164” Microstrip — (Zo = 50 Q) 

D1 — 1N5347B Motorola Zener or Equivalent Board-Glass Teflon, 62 Mils, e, = 2.56 


L1 — 1-3/4 Turns, 0.185” ID 0.08” Long #20 AWG Enamel — (25 nH) 
L2— #20 AWG Enamel, Hairpin y of W05a— (10.5 nH) 


Figure 1. 400 MHz Test Circuit 
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(S.LLVM) HSMOd Ld LNO Hy 


Pin, INPUT POWER (MILLIWATTS) 


Pin, INPUT POWER (MILLIWATTS) 


Figure 3. Output Power versus Input Power 


Figure 2. Output Power versus Input Power 
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Figure 5. Output Power versus Supply Voltage 


Figure 4. Output Power versus Supply Voltage 
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Vpp: fone cake (VOLTS) 


Figure 7. Output Power versus Supply Voltage 


Figure 6. Output Power versus Supply Voltage 
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Pout, OUTPUT POWER (WATTS) 


Vas, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 8. Output Power versus Gate Voltage 








\p, DRAIN CURRENT (MILLIAMPS) 








— sae cli ence weirs 


Figure 9. Drain Current versus Gate Voltage 
(Transfer Characteristics) 
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Ip, DRAIN CURRENT (AMPS) 





Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


Figure 12. Maximum Rated Forward Biased 
Safe Operating Area 



















































f= 100MHz & 
. f 225: 











~ SZ \ ease aif 
pa aH: / 
Be LPs oo ae a 


28V_ Ipg =50 mA, Poyt = 5.0 W 


Zin Zo* | 
Ohms Ohms \ 


8.00-j40.5 | 41.0-)36.0 
4.76 -j261 | 34.5-j96.1 
4.23-j18.2 | 22.1 -j33.4 
3.34-]137 | 14.5 -25.7 


ZoL* = Conjugate of the optimum load impedance 
into which the device operates at a given 
output power, voltage and frequency. 


Wey males 
Ro 








VoD = 


f 
MHz 
100 








Figure 13. Large-Signal Series Equivalent Input and Output Impedance, Zjn, ZoL* 
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Table 1. Common Source Scattering Parameters 
50 Ohm System 
Vps = 28 V, Ip = 250 mA 
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Figure 14. S11, Input Reflection Coefficient 
versus Frequenc' 
Vos = 28 V, Ip = 250 mA 


MRF161 
2-193 


cy 


Figure 17. S29, Output Reflection Coefficient 
versus Frequen 
Vps = 28 V, Ip = 250 mA 


ncy 


Figure 16. S91, Forward Transmission Coefficient 
versus Freque’ 
Vps = 28 V, Ip = 250 mA 
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DESIGN CONSIDERATIONS 

The MRF161 is a RF power N-Channel enhancement 
mode field-effect transistor (FET) designed especially for 
UHF power amplifier and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V- 
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig- 
nal, thus facilitating manual gain control, ALC and modula- 
tion. 


DC BIAS 

The MRF161 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
performance. The value of quiescent drain current (IpqQ) is 
not critical for many applications. The MRF161 was charac- 
terized at IpQ = 50 mA, which is the suggested minimum val- 
ue of Ipq. For special applications such as linear 
amplification, Ip>@ may have to be selected to optimize the 
critical parameters. 

The gate is a dc open circuit and draws no current. There- 
fore, the gate bias circuit may generally be just a simple re- 


sistive divider network. Some special applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF161 may be controlled from its 
rated value down to zero (negative gain) by varying the 
dc gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used with 
bipolar UHF transistors are suitable for MRF161. See 
Motorola Application Note AN721, Impedance Matching Net- 
works Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad- 
band network design. Both small signal scattering parame- 
ters and large signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima- 
tion. This is an additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not uni- 
lateral. This, coupled with the very high gain of the MRF161, 
yields a device capable of self oscillation. Stability may be 
achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Two port pa- 
rameter stability analysis with the MRF161 s-parameters 
provides a useful tool for selection of loading or feedback cir- 
Ccuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 





Figure 18. 400 MHz Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR Sn 
TECHNICAL DATA 


The RF MOSFET Line 


RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 


. .. designed for wideband large-signal output and driver applications up to 


400 MHz range. 15 W, to 400 MHz 
e Guaranteed 28 Volt, 400 MHz Performance N-CHANNEL MOS 
Output Power = 15 Watts marcia POWER 


Minimum Gain = 11 dB 
Efficiency — 50% (Typical) 
e Small-Signal and Large-Signal Characterization 


¢ 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 


e Low Noise Figure — 2.0 dB (Typ) at 300 mA, 400 MHz 


e Excellent Thermal Stability, Ideally Suited For Class A D 
Operation 


e Facilitates Manual Gain Control, ALC and Modulation 
Techniques 























MAXIMUM RATINGS 


Drain-Source Voltage 





Drain-Gate Voltage 
(R@s = 1.0 MQ) 


Gate-Source Voltage 
Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





Thermal Resistance, Junction to Case 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


a 
OFF CHARACTERISTICS 

[Bran Source Breakdown Vlage WaS=01=80mA | Vamps | @ | — | — | = | 
[Zao Gat Votape iain CurentVos=2v.ves=0 | toss | _— | = | 20 | maw | 
[Gate Souve Leskago Curent fVgs=@uVos=0) | tess_[ = |= | 79 | me | 


ON CHARACTERISTICS 










[Gai Trecho Voage Vos=TOWip=@5ma) | vesm [10 [80 | 60 | ve 
[Forward Tarsconioarce Vog=t0Vip=2s0ma) [| ae | 250 | 00 
DYNAMIC CHARACTERISTICS 





Reverse Transfer Capacitance REE 28 V, Tyee 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Noise Figure 
(Vps = 28 Vde, Ip = 300 mA, f = 400 MHz, 
Zg = 5.9 +j7.8 Q, Z| = 3.78 +j5.75 Q) 


Common Source Power Gain 

(Vpop = 28 Vdc, Pout = 15 W, f = 400 MHz, Ipq = 50 mA) 
Drain Efficiency 

(Vpp = 28 Vde, Pout = 15 W, f = 400 MHz, Ipq = 50 mA) 


Electrical Ruggedness 
(Vpp = 28 Vde, Pout = 15 W, f= 400 MHz, Ipq = 50 mA, 
VSWR 30:1 at all Phase Angles) 





y 
aa No Degradation in Output Power 


R3 RFC2 
BIAS ADJUST 
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RF 
OUTPUT 
C1, C2, C3 — 1.0-20 pF Johanson or Equivalent R2— 10 Turns 10 kQ 
C4, C7 — 270 pF, 100 Mil Chip Cap R38 — 1.6 kQ, 1/44 W 
C5 — 18 pF Mini-Unelco or Equivalent RFC1 — 10 Turns, 0.300” ID #20 AWG 
C6 — 12 pF, 100 Mil Chip Cap Enamel Closewound 
C8 — 0.01 pF, 50 V Disc Ceramic RFC2 — Ferroxcube VK-200 — 19/4B 
C9, C10, C12 — 0.1 wF, 50 V Disc Ceramic Z1 — 1.5” x 0.250” Microstrip 
C11, C14 — 680 pF Feedthru Z2 — 0.6” x 0.250” Microstrip 
C13 — 20 pF, 50 V Z3 — 1.3” x 0.250” Microstrip 
D1 — 1N5925A Motorola Zener Z4 — 0.85” x 0.250” Microstrip 
Ri — 10 kQ, 1/44W Board — Glass Teflon, 62 Mils, er = 2.56 
Figure 1. 400 MHz Test Circuit 
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Figure 5. Output Power versus Supply Voltage 
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Figure 3. Output Power versus Input Power 
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Figure 2. Output Power versus Input Power 


Ipg = 50 mA 
f = 400 MHz 
Vpp. fae nea (VOLTS) 
Figure 4. Output Power versus Supply Voltage 
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Vpp, SUPPLY VOLTAGE ae 
Figure 7. Output Power versus Supply Voltage 


Vpp; SUPPLY VOLTAGE Ge 
Figure 6. Output Power versus Supply Voltage 
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Pin = CONSTANT 
TYPICAL DEVICE 


SHOWN, V@sith) =3 V 


TYPICAL DEVICE 
SHOWN, V@sith) = 3 V 


Pout, OUTPUT POWER (WATTS) 





Vag, GATE-SOURCE VOLTAGE (VOLTS) Vag, GATE-SOURCE VOLTAGE (VOLTS) 
Figure 8. Output Power versus Gate Voltage Figure 9. Drain Current versus Gate Voltage 
(Transfer Characteristics) 


Ves=0V 
f=1 MHz 


Vs, GATE-SOURCE VOLTAGE (NORMALIZED) 
C, CAPACITANCE (pF) 





Tc, CASE TEMPERATURE (°C) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 10. Gate-Source Voltage versus Figure 11. Capacitance versus 
Case Temperature Drain-Source Voltage 
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Ip, DRAIN CURRENT (AMPS) 





Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


Figure 12. DC Safe Operating Area 
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ZoL* = Conjugate of the optimum 
load impedance into which the ~~ 
device operates at a given output 7 


v7 


{ power, voltage and frequency. Me. ° 














Figure 13. Large-Signal Series Equivalent Figure 14. Large-Signal Series Equivalent 
Input Impedance, Zjn Output Impedance, Zo,* 
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0.795 
0.826 








| ose4 | -162 
| oot | -163 
| _osat | 163 
75 | cess | -163 
700 0.888 27 | ood | 164 
728 0.892 27 | 0047 | -164 
0.900 
0.910 : | ogre | -164 
800 | _os7s | -164 | 

Table 1. Common Source Scattering Parameters 50 Ohm System , 

Vps = 28 V, Ip =0.5A 
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Figure 16. S12, Reverse Transmission Coefficient 


Figure 15. S44, Input Reflection Coefficient 





cy 


versus Frequen 
Vos = 28 V, Ip =0.5 A 


y 


versus Frequenc 
Vps = 28 V, Ip=0.5A 


Figure 17. So1, Forward Transmission Coefficient 
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Vps = 28 V, Ip =0.5A 


ersus Frequen 


Figure 18. S29, Output Reflection Coefficient 
ve 


icy 


versus Frequen 
Vps = 28 V, Ip = 0.5A 
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MOTOROLA RF DEVICE DATA 


DESIGN CONSIDERATIONS 

The MRF162 is a RF power N-Channel enhancement 
mode field-effect transistor (FET) designed especially for 
UHF power amplifier and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V- 
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely 
mismatched loads without suffering damage. Power output 
can be varied over a wide range with a low power dc control 
signal, thus facilitating manual gain control, ALC and modu- 
lation. 


DC BIAS 

The MRF162 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
performance. The value of quiescent drain current (Ipq) is 
not critical for many applications. The MRF162 was charac- 
terized at IDQ = 50 mA, which is the suggested minimum val- 
ue of Ipq. For special applications such as linear 
amplification, Ip@ may have to be selected to optimize the 
critical parameters. 

The gate is a de open circuit and draws no current. There- 
fore, the gate bias circuit may generally be just a simple 


resistive divider network. Some special applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF162 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used with 
bipolar UHF transistors are suitable for MRF162. See 
Motorola Application Note AN721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad- 
band network design. Both small signal scattering parame- 
ters and large signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima- 
tion. This is an additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not uni- 
lateral. This, coupled with the very high gain of the MRF 162, 
yields a device capable of self oscillation. Stability may be 
achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Two port 
parameter stability analysis with the MRF162 s-parameters 
provides a useful tool for selection of loading or feedback 
circuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 





Figure 19. 400 MHz Test Circuit 
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MOTOROLA 


m=] SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF MOSFET Line 


RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 


. .. designed for wideband large-signal output and driver applications up to 


400 MHz range. 25 W, to 400 MHz 

e Guaranteed 28 Volt, 400 MHz Performance N-CHANNEL MOS 
Output Power = 25 Watts daar RF POWER 
Minimum Gain = 10 dB 





Efficiency — 50% (Typical) 
e Small-Signal and Large-Signal Characterization 


e 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 


e Low Noise Figure — 2.5 dB (Typ) at 500 mA, 400 MHz 


e Excellent Thermal Stability, Ideally Suited For Class A y 
Operation : 


e Facilitates Manual Gain Control, ALC and Modulation 
Techniques 













MAXIMUM RATINGS 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 





THERMAL CHARACTERISTICS 
[Caio —*dCSb [ dC 
[ThomalRasance unciontocase———SSSCSCSCSC~CS~s Rw «dC 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[hari «SS win [te [mex [Ont 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vgs = 0, Ip = 10 mA) V(BR)DSS fe [| — [| — | veo | 
Zero Gate Voltage Drain Current (Vpg = 28 V, Vag = 0) iss [| — | — | 40 | mac | 





ON CHARACTERISTICS 
[Gate TesoidVotage VpS=TOVip=asma | vasm [10 [90 
DYNAMIC CHARACTERISTICS 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


| 500 
Loot 
ieee 
ect 
Noise Figure a 





(Vps = 28 Ve, Ip = 500 mA, f = 400 MHz, 
Zg = 3.23 + j2.57 Q Z = 2.11 + 2.97 Q) 


Common Source Power Gain 
(Vpp = 28 Vdc, Pout = 25 W, f = 400 MHz, Ipq = 25 mA) 


Drain Efficiency 
(Vpp = 28 Vdc, Pout = 25 W, f = 400 MHz, Ipq = 25 mA): 


Electrical Ruggedness 
(Vpp = 28 Vde, Pout = 25 W, f = 400 MHz, Ipq = 25 mA, 
VSWR 30:1 at all Phase Angles) 





R3 RFC2 


BIAS 
ADJUST 








RF 
OUTPUT 
C1, C2, C3 — 1.0-—20 pF Johanson or Equivalent R2— 10 Turns 10 kQ 
C4, C8 — 270 pF, 100 Mil Chip Cap R3 — 1.6 kQ, 1/4 W 
C5, C6 — 18 pF Mini-Unelco or Equivalent RFC1 — 10 Turns, 0.300” ID #20 AWG 
C7 — 12 pF Mini-Unelco or Equivalent Enamel Closewound 
C9 — 0.01 pF, 50 V Disc Ceramic RFC2 — Ferroxcube VK-200 — 19/4B 
C10, C11, C13 — 0.1 uF, 50 V Disc Ceramic Z1 — 1.350” x 0.250” Microstrip 
C12, C15 — 680 pF Feedthru Z2 — 0.600” x 0.250” Microstrip 
C14— 20uF, 50V Z3 — 0.710” x 0.250” Microstrip 
D1 — 1N5925A Motorola Zener Z4 — 1.300” x 0.250” Microstrip 
R1 — 10 kQ, 1/4 W Board — Glass Teflon, 62 Mils, er = 2.56 
Figure 1. 400 MHz Test Circuit 
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LZAA [Tere 
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1 15 25 
Pins INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 


Vpp = 13.5 V 
Ipq = 25 mA 


_ 


eed 





Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 











— 


on 8S & 
AS 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 


ak oa eed ee 
ad 


f = 300 MHz 


— “to 
— 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 





Vpp. SUPPLY VOLTAGE (VOLTS) Vpp, SUPPLY VOLTAGE (VOLTS) 
Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage 


f = 100 MHz 


Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 





12 14 16 18 20 22 24 26 28 


Vpp; SUPPLY VOLTAGE (VOLTS) Vpp, SUPPLY VOLTAGE (VOLTS) 
Figure 6. Output Power versus Supply Voltage Figure 7. Output Power versus Supply Voltage 
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TYPICAL DEVICE 
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Pin = CONSTANT 
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& onan SHOWN, Vestn) =3V a ee] pe dn [ee 
ae cal eH i 
Oper 
Vs, GATE-SOURCE VOLTAGE (VOLTS) V@s, GATE-SOURCE VOLTAGE (VOLTS) 
Figure 8. Output Power versus Gate Voltage Figure 9. Drain Current versus Gate Voltage 


(Transfer Characteristics) 
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Vqs, GATE-SOURCE VOLTAGE (NORMALIZED) 





S— er 
25 100125 inn 175 20 24 
To, aes cite (°C) Vps, io ne ace (VOLTS) 
Figure 10. Gate-Source Voltage versus Figure 11. Capacitance versus 
Case Temperature Drain-Source Voltage 
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Ip, DRAIN CURRENT (AMPS) 





“4 2 3 5 7 10 20 «30 50 70 100 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


Figure 12. DC Safe Operating Area 



































1.35 - j10.48 9.94 - j3.68 
0.58 - j3.06 4.41 - j5.00 
0.72 - j1.75 3.41 - j4.00 
0.86 - j0.35 2A1 - j2.97 


LA} x, ZOL* = Conjugate of the optimum load impedance into 
Wa. le a which the device operates at a given output power, voltage 
Le and frequency. 
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Figure 13. Input and Output Impedance 
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Table 1. Common Source Scattering Parameters 50 Ohm System 
Vps = 28 V, Ip =0.5A 
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Figure 14. S44, input Reflection Coefficient 
versus Frequency 
Vos = 28 V, Ip =0.5A 
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Figure 16. So4, Forward Transmission Coefficient 
versus Frequency 
Vps = 28 V, Ip =0.5A 
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Figure 15. S12, Reverse Transmission Coefficient 


versus Frequency 
Vos = 28 V, Ip =0.5A 











Figure 17. S22, Output Reflection Coefficient 
versus Frequency 
Vps =28V, Ip =0.5A 
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DESIGN CONSIDERATIONS 

The MRF163 is a RF power N-Channel enhancement 
mode field-effect transistor (FET) designed especially for 
UHF power amplifier and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V- 
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig- 
nal, thus facilitating manual gain control, ALC and modula- 
tion. 


DC BIAS 

The MRF163 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
performance. The value of quiescent drain current (IpqQ) is 
not critical for many applications. The MRF163 was charac- 
terized at ITDQ = 25 mA, which is the suggested minimum val- 
ue of Ipq. For special applications such as linear 
amplification, [pq may-have to be selected to optimize the 
critical parameters. 

The gate is a dc open circuit and draws no current. There- 
fore, the gate bias circuit may generally be just a simple re- 








sistive divider network. Some special applications may 
require a more elaborate bias system. 


GAIN CONTROL : 

Power output of the MRF163 may be controlled from its 
rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used with 
bipolar UHF transistors are suitable for MRF163. See 
Motorola Application Note AN721, Impedance Matching Net- 
works Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad- 
band network design. Both small signal scattering parame- 
ters and large signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima- 
tion. This is an additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not uni- 
lateral. This, coupled with the very high gain of the MRF163, 
yields a device capable of self oscillation. Stability may be 
achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Two port pa- 
rameter stability analysis with the MRF163 s-parameters 
provides a useful tool for selection of loading or feedback cir- 
cuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 








Figure 18. 400 MHz Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR SR 
TECHNICAL DATA 


The RF TMOS Line MRF164W 


Power Field Effect Transistor 
N-Channel Enhancement Mode 


Designed primarily for wideband large-signal output and driver stages to 


500 MHz. 20 W, to 500 MHz 
TMOS 

e Guaranteed Performance at 400 MHz, 28 Vdc BROADBAND 

e Output Power = 20 W RF POWER FET 


e Minimum Gain = 15 dB 
e Push-Pull Configuration Reduces Even Numbered Harmonics 


e Excellent Thermal Stability, Ideally Suited for Class A 
Operation 


e Facilitates Manual Gain Control, ALC and Modulation 


Techniques D 
¢ 100% Tested for Load Mismatch at All Phase Angles 
with 30:1 VSWR 
G 


s 
G (FLANGE) 


CASE 412-01, STYLE 1 
MAXIMUM RATINGS 





Rating 
Drain-Source Voltage 
Drain-Gate Voltage (Rgs = 1.0 MQ) 
Gate-Source Voltage 





Drain Current — Continuous 





Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


°C i 
a : 
THERMAL CHARACTERISTICS t 


Character ee ee | 
Thoral Resistance, Junction to Case “on | 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 











Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Pec nk OMRON, ce | ef 


OFF CHARACTERISTICS (1) 


Drain-Source Breakdown Voltage (V@g = 0, Ip = 5.0 mA) Verpss | 6 [| — | — | vac | 
Zero Gate Voltage Drain Current (Vpg = 28 V, Vas = 0) | oss | — | — | 10 | mac | 












|_Gate-Source Leakage Current (Vag=40V.Vos=0) | tgss_ |] | Ado | 
ON CHARACTERISTICS (1) 
[ Gate Threshold Voltage (Vps=T0Vip=t0mA)——=S=«di’«Sasam [70] 40 | 60 | vac | 
[ Forward Transconductance (Vps=10V,Ip=075A) | gis | 400__| 500 | — | mmmhos | 
DYNAMIC CHARACTERISTICS (1) 

Input Capacitance (Vpg = 28 V, Vas = 0, f = 1.0 MHz) 





Output Capacitance (Vps = 28 V, Vag = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance (Vps = 28 V, Vag = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS (Figure 1) (2) 


Common Source Power Gain 
(Vpp = 28 Vdc, Pout = 20 W, f = 400 MHz, Ipq = 50 mA) 


Drain Efficiency 


(Vpp = 28 Ve, Poyt = 20 W, f = 400 MHz, Ipg = 50 mA) 


Electrical Ruggedness 
(Vpp = 28 Vde, Pout = 20 W, f = 400 MHz, Ipg = 50 mA, 
Load VSWR 30:1 at all Phase Angles) 
NOTES: 
1. Each side of device measured separately. 
2. Measured in push-pull configuration. 


No Degradation in Output Power 
Before and After Test 





TO POINT A 






; ce TO POINT B 
C1, C2, C16, C17 — 270 pF Chip Cap il C1 


C3 — 6.8 pF Chip Cap 

C4, C6, C15 — 1.0—20 pF Variable Cap 
C5 — 18 pF Chip Cap 

C7, C8, C11, C12 — 0.1 nF Ceramic Cap 
C9, C10 — 0.01 pF Ceramic Cap 


C13 — 6.8 pF Chip Cap 
C14 — 4.7 pF Chip Cap 
C18, C19 — 620 pF feedthru Cap 200 


C20 — 10 uF 50 V Tantalum Cap at 45 
L1, L2 — Hairpin Inductor #18 Wire —-> + ‘> “te 
L3, L4 — Hairpin Inductor #18 Wire Age 





L5, L6 — 10 Turns #18 W .300 ID 
L7 — VK-200/19-4B 


Ri — 1.0K 1/4 W Resistor 

R2, R3 — 10K 1/4 W Resistor 

R4, R5 — 470 © 1/4 W Resistor 

T1, T2 — Balun 2” 50 © Semi Ridgid Coax 

Z1, Z2 — Microstrip Element .850 long x .125 W 

Z3, Z4 — Microstrip Element .525 long x .125 W 

Board Material — Teflon Fiberglass, e, = 2.55 Copper Clad, 2 oz. Copper 
.060” Dielectric Thickness 


Figure 1. 400 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
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Figure 2. Capacitance versus Voltage Figure 3. Output Power versus Input Power 
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Figure 4. Output Power versus Gate Voltage Figure 5. Output Power versus Voltage | 











Vpp = 28V,Ipq = 50mAx Sy 
Pout = 20W 
































: *Conjugate of optimum load impedance 
? into which the device output operates 
~ ata given output power and frequency. 


“YY Note: Input and output impedances are measured from base to base and | 
collector to collector respectively: 










































fi eee? ese 
Figure 6. Series Equivalent Input/Output Impedances 
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Figure 7. Test Amplifier 





SCALE 0.75:1 


Figure 8. Circuit Board Photomaster 





MRF164W MOTOROLA RF DEVICE DATA 
2-214 


MOTOROLA 


= SEMICONDUCTOR Ss 


TECHNICAL DATA 


The RF MOSFET Line 
RF Power 


Field Effect Transistors 
N-Channel Enhancement Mode MOSFETs 


Designed primarily for wideband large-signal output and driver from 
30-500 MHz. 
e Low Crsg — 4.5 pF @ Vpsg = 28 V 


e MRF166C — Typical Performance at 400 MHz, 28 Vdc 
Output Power = 20 W 
Gain = 17 dB 
Efficiency = 55% 

e Optional 4-Lead Flange Package (MRF166) 


e Replacement for Industry Standards such as MRF136, DV2820, BLF244, 
$D1902, and ST1001 


* 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
. Facilitates Manual Gain Control, ALC and Modulation Techniques 
e Excellent Thermal Stability, Ideally Suited for Class A Operation 


MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Character Symbol [weed 





MRF166 
MRF166C 


20 W, 500 MHz 
MOSFET 
BROADBAND 
RF POWER FETs 














CASE 211-07, STYLE 2 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 


packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[haracorie «demo [wn Te 


OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage V(BR)DSS Vv 
(Vgs = 0 V, Ip = 5.0 mA) 
Zero Gate Voltage Drain Current mA 
(Vps = 28 V, Vas = 0 V) 
Gate-Source Leakage Current lass pA 
(Vas = 40 V, Vps = 0 V) 
ON CHARACTERISTICS 
Gate Threshold Voltage VGS(th) 1.0 Vv 
(Vps = 10 V, Ip = 25 mA) 
Forward Transconductance fs 800 
(Vps = 10 V, Ip = 1.5 A) 
DYNAMIC CHARACTERISTICS 
Input Capacitance Ciss pF 
(Vps = 28 V, Vag = 0 V, f = 1.0 MHz) 
Output Capacitance Coss pF 
(Vps = 28 V, Vas = 0 V, f= 1.0 MHz) 
Reverse Transfer Capacitance Crss pF 
(Vps = 28 V, Vas = 0 V, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


Noise Figure 
(Vpp = 28 V, f = 30 MHz, Ipq = 50 mA) 


Common Source Power Gain 17 
(Vpp = 28 V, Pout = 20 W, f = 400 MHz, Ipq = 100 mA) 
Drain Efficiency n % 
(Vpp = 28 V, Pout = 20 W, f = 400 MHz, Ipq = 100 mA) 


Electrical Ruggedness 
(Vpp = 28 V, Pout = 20 W, f = 400 MHz, Ipq = 100 mA, 
Load VSWR 30:1 at All Phase Angles) 


Common Source Power Gain Gps 19 
(Vpp = 28 V, Pout = 20 W, f= 150 MHz, Ipq = 25 mA) 
Drain Efficiency n % 
(Vpp = 28 V, Pout = 20 W, f = 150 MHz, Ipq = 25 mA) 


Electrical Ruggedness y No Degradation in Output Power 
(Vpp = 28 V, Pout = 20 W, f= 150 MHz, Ipq = 25 mA, 
Load VSWR 30:1 at All Phase Angles) 












































































Series Equivalent Input Impedance Zin Ohms 
(Vop = 28 V, Pout = 20 W, f = 150 MHz, Ipq = 25 mA) 
Series Equivalent Output Impedance 14.15 —j6.51 
(Vpp = 28 V, Pout = 20 W, f = 150 MHz, Ipq = 25 mA) 
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C1, C7 — 270 pF Chip Capacitor 

C2, C6 — Johanson Trimmer Capacitor, 2-20 pF 
C3 — 21 pF Mini Unelco 

C4, C8, C9 — 0.01 pF 

C5 — 18 pF Mini Uneico 

C10, C11 — 680 pF Feed Through 

C12, C13 — 50 pF, 50 V 

D1 — 1N5925A Motorola Zener 


Board Material — Teflon fiberglass 
2 oz. Copper clad both sides, er = 2.55 
0.060” Dielectric Thickness 


L1 — #18 AWG, 2 Turns, 0.25” ID ial 0.15” Wide 
L2 — #18 AWG Hairpin 0.7” long, bend into hairpin————> mr. 
RFC1 — Ferroxcube VK200-19/4B 

RFC2 — 18 Turns #18 AWG Enameled, 0.3” ID 

R1 — 220 Q 1/2 Watt 

R2— 1.8 kQ 1/4 Watt 

R3— 10 kQ, 10 Turns Bourns 

R4 — 10 k 1/4 Watt 

Z1 — Microstrip Line 0.150” wide, 0.420” long 

22 — Microstrip Line 0.150” wide, 0.350” long 

Z3 — Microstrip Line 0.150” wide, 0.350” long 

24 — Microstrip Line 0.150” wide, 0.450” long 

Z5 — Microstrip Line 0.150” wide, 1.1” long 

Z6 — Microstrip Line 0.150” wide, 0.650” long 

27 — Microstrip Line 0.150” wide, 0.200” long 





Figure 1. MRF166C 400 MHz Test Circuit 








RF INPUT 


C1, C2 — 406 ARCO 

C3 — 39 pF ATC 100 Mil Chip Cap 
C4 — 403 ARCO 

C5 — 470 pF ATC 100 Mil Chip Cap 
C6, C7, C9, C13 — 0.01 pF 

C8, C12 — 50 pF, 50 V 

C10, C11 — 680 pF Feed Through 
D1 — 1N5925A Motorola Zener 


RF OUTPUT 


C5 


= ae 
L1 — #20 AWG 2 Turns, 0.235” ID, 0.10” OD 
ra 


L2 — #18 AWG 2 Turns, 0.225” ID, 0.22” OD 
L3 — #18 AWG 2 Turns, 0.325” ID, 0.13” OD ier. 


RFC1 — Ferroxcube VK200-19/4B 

RFC2 — 18 Turns #18 AWG Enameled, 0.3” ID 

R1 — 10 kQ, 10 Turn Bourns 

R2 — 1.8 kQ 1/4 Watt 

R38 — 120 Q 1/2 Watt 

R4 — 10 kQ 1/4 Watt 

Board Material — 0.062” G10, 2 oz Cu Clad Double Sided 


Figure 2. MRF166 150 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 





(4d) SONVLIOVdV9 ‘O 


Vps; DRAIN-SOURCE VOLTAGE (VOLTS) 


Vps, DRAIN-SOURCE aig (VOLTS) 


Figure 4. DC Safe Operating Area 


Figure 3. Capacitance versus Drain-Source Voltage 


MRF166 





(SLIVM) H3MOd LAdLNO “Y 





(SLIVM) HAMOd LNdLNO “Y 


\Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 


Pin, nar POWER (WATTS) 


Figure 6. Output Power versus Voltage 


Figure 5. Output Power versus Input Power 





(SLLVM) HAMOd LNdiNo “ 


Pin: INPUT POWER (WATTS) 


Figure 7. Output Power versus Input Power 
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MRF166C 





pg, Pe He D5 ee OD A 
_ Py Ty ye ey rt to 


Py, OUTPUT POWER (WATTS) 
Py, OUTPUT POWER (WATTS) 





0 0.1 0.2 0.3 0.4 05 0.6 07 © =608 0 04 0.2 03 8604 0.5 0.6 07 8608 
Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 


Figure 8. Output Power versus Input Power Figure 9. Output Power versus Input Power 


Py, OUTPUT POWER (WATTS) 





121416182028 
Vpg, DRAIN-SOURCE (VOLTS) 


Figure 10. Output Power versus Voltage 





f= 500 MHz ‘ 
Vpp = 28 V, Ipg = 100 mA 

























































f= 500 MHz 
400 ZIN Zov" 
6p ; OHMS OHMS 
: 
100 “ct ZoL* (Pout = 20 W) 
j is 100 11.0-j21.0 | 8.50-j10.0 
{ =e 4.20-j12.6 | 6.00 -j9.00 
100 E 1.90 -j5.80 | 4.50 -j6.70 
20 = 509 | a 1.50~j4.10 | 420-540 | \, 
s ZoL* = Conjugate of the optimum load 
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Figure 11. Series Equivalent Input and Output Impedance 
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Figure 12. Test Fixture MRF166 





(Not to Scale) 


Figure 13. Photomaster for MRF166 Test Fixture 
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Figure 14. Test Fixture MRF166C 


(Not to Scale) 





Figure 15. Photomaster for MRF166C Test Fixture 
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MOTOROLA 


= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF MOSFET Line 
RF Power Field Effect Transistor 


N-Channel Enhancement-Mode 
. .. designed primarily for wideband large-signal output and driver stages up to 


200 MHz frequency range. 45 W, to 200 MHz 
e Guaranteed Performance at 150 MHz, 28 Vdc N-CHANNEL MOS _ 
Output Power = 45 Watts BROADBAND RF POWER 


Minimum Gain = 12 dB- aks 


Efficiency = 50% (Min) 
e Facilitates Manual Gain Control, ALC and Modulation 
Techniques : 


e 100% Tested For Load Mismatch At All Phase Angles 
With 30:1 VSWR 


e Excellent Thermal Stability, Ideally Suited For Class A D 
Operation 


e Low Noise Figure — 1.5 dB Typ at 1.0 A, 150 MHz 



















MAXIMUM RATINGS 
Rating 





Drain-Source Voltage 


Gate Sec Vota Ves 


Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 115 Watts 
Derate above 25°C 0.66 wre 


Storage Temperature Range 










Operating Junction Temperature 


THERMAL CHARACTERISTICS 
a 
Reo | 12 _~| ow _| 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. i 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[characterise —————«dY:SSymbot in [top [mex [Unt 
OFF CHARACTERISTICS 






Drain-Source Breakdown Voltage (Vgs = 0, Ip = 10 mA) V(BR)DSS foo of — | = | voc | 
Gate-Source Leakage Current (Vqg = 20 V, Vps = 0) fF o- | — | 


ON CHARACTERISTICS 


Gate Threshold Voltage (Vps = 10 V, Ip = 25 mA) V@S(th) 






Forward Transconductance (Vpg = 10 V, Ip = 1.0 A) | ots | 


DYNAMIC CHARACTERISTICS 


Input Capacitance (Vpg = 28 V, V@g = 0, f = 1.0 MHz) 


Output Capacitance (Vps = 28 V, Vag = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance (Vps = 28 V, Vgg = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS 


| 40 
piso 2s 
eee 
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Dae 
Noise Figure = 





(Vps = 28 Vae, Ip = 1.0 A, f= 150 MHz) 


Common Source Power Gain (Figure 1) 
(Vpp = 28 Vde, Pout = 45 W, f = 150 MHz, Ipq = 25 mA) 


Drain Efficiency (Figure 1) 
(Vpp = 28 Vdc, Pout = 45 W, f= 150 MHz, Ipq = 25 mA) 


Electrical Ruggedness (Figure 1) 
(Vpp = 28 Vde, Pout = 45 W, f = 150 MHz, Ipq = 25 mA, 
VSWR 30:1 at all Phase Angles) 














Vpp = 28 V 
| 
| 
C10 
RF 
OUTPUT 
C18 
RF 
INPUT 
Ci, C6, C7 — 1.0~20 pF Johanson L3 — 1-1/4 Turns, #18 AWG, 0.21” ID 
C2, C4, C5, C8 — 63 pF ATC Chip (100 mils) L4— 2 Turns, #18 AWG, 0.23” ID, 0.15” Long 
C3, C10, C18 — 680 pF ATC Chip (100 mils) RFC1 — 20 Turns, #20 AWG Enameled, 0.3” ID, 
C9 — 12 pF ATC Chip (100 mils) Close Wound 
C11, C13, C14, C17 — 0.1 pF Erie Redcap, 50 V RFC2 — 15 Turns, #20 AWG Enameled on 2.0 W, 
C12 — 25 pF, 50V 10 Q Resistor 
C15, C16 — 680 pF Feedthru R1 — 10 kQ, 10 Turns Helipot 7216-R10K-L.25 
D1 — 1N5925A Motorola Zener R2— 10 kQ, 1/44 W 
L1— 2 Turns, #18 AWG, 0.3” ID, 0.3” Long R3 — 1.8 kQ, 1/2 W 
L2— 1-1/4 Turns, #18 AWG, 0.21” ID R4— 479, 1/2W 
Figure 1. 150 MHz Test Circuit 
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Vpp = 13.5 V 
Ipq = 25 mA 
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Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 


Ipq = 25 mA 
f= 100 MHz 


Pout» OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 





Vpp, SUPPLY VOLTAGE (VOLTS) Vpp, SUPPLY VOLTAGE (VOLTS) 
Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage 





Pot, OUTPUT POWER (WATTS) 
Gps, POWER GAIN (4B) 
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11 
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Vpp; SUPPLY VOLTAGE (VOLTS) {, FREQUENCY (MHz) 





Figure 6. Output Power versus Supply Voltage Figure 7. Power Gain versus Frequency 
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Figure 8. Output Power versus Gate Voltage Figure 9. Drain Current versus Gate Voltage 
(Transfer Characteristics) 
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Figure 10. Gate-Source Voltage versus Figure 11. Capacitance versus Drain Voltage 
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Figure 12. DC Safe Operating Area 
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Table 1. Common Source Scattering Parameters 
Vps = 28 V, Ip =0.5A 
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Figure 13. S11, Input Reflection Coefficient 
versus Frequency 
Vps = 28 V, Ip =0.5A 





Figure 15. So1, Forward Transmission Coefficient 
versus Frequency 
Vps = 28 V, Ip=0.5A 
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Figure 14. S42, Reverse Transmission Coefficient 
versus Frequency 
Vos = 28 V, Ip =0.5 A 
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Figure 16. S29, Output Reflection Coefficient 
versus Frequency 
Vos = 28 V, Ip =0.5A 
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Pout = 45 W, Vpp = 28 
Ipa = 25 mA 















3.95 - 3.00 
4.04 - j3.56 
4.85 — j5.07 


2416.0. 

iy +47 Q Shunt Resistor Gate-to-Ground 

i e. ZoL* = Conjugate of the optimum load imped- 
r ance into which the device operates at a given 


<5 output power, voltage, and frequency. = 
MOLL ALKA KAAA XA eT HES 






f= 100 MHz 









f= 100 MHz 





Figure 17. Large-Signal Series Equivalent 
Input/Output Impedance 
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DESIGN CONSIDERATIONS 

The MRF171 is a RF power N-Channel enhancement 
mode field-effect transistor (FET) designed especially for 
UHF power amplifier and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V- 
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig- 
nal, thus facilitating manual gain control, ALC and modula- 
tion. 


DC BIAS 

The MRF171 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
performance. The value of quiescent drain current (IpQ) is 
not critical for many applications. The MRF171 was charac- 
terized at IpQ = 25 mA, which is the suggested minimum val- 
ue of Ipq. For special applications such as linear 
amplification, [p@ may have to be selected to optimize the 
critical parameters. 

The gate is a de open circuit and draws no current. There- 
fore, the gate bias circuit may generally be just a simple re- 





sistive divider network. Some special applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF171 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used with 
bipolar UHF transistors are suitable for MRF171. See 
Motorola Application Note AN721, Impedance Matching Net- 
works Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad- 
band network design. Both small signal scattering parame- 
ters and large signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima- 
tion. This is an additional advantage of RF MOS power FETs. 

RF power FETs are triode devices and, therefore, not uni- 
lateral. This, coupled with the very high gain of the MRF171, 
yields a device capable of self oscillation. Stability may be 
achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Two port pa- 
rameter stability analysis with the MRF171 s-parameters 
provides a useful tool for selection of loading or feedback cir- 
cuitry to assure stable operation. See Motorola Application 
Note AN215A for a discussion of two port network theory and 
stability. 











Figure 18. 150 MHz Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR la 
TECHNICAL DATA 


MRF173* 





The RF MOSFET Line MRF173CQ 
RF Power 

= = *Motorola Preferred Device 
Field Effect Transistors 
N-Channel Enhancement Mode MOSFETs 

Designed for broadband commercial and military applications up to 200 MHz 80 W, 28 V, 175 MHz 
frequency range. The high-power, high-gain and broadband performance of Dee AbeTin 
these devices make possible solid state transmitters for FM broadcast or TV 

RF POWER MOSFETs 

channel frequency bands. 


e Guaranteed Performance at 150 MHz, 28 V: 
Output Power = 80 W 


Gain = 11 dB (13 dB Typ) D 
Efficiency = 55% Min. (60% Typ) 
e Low Thermal Resistance 
e Ruggedness Tested at Rated Output Power 
e Nitride Passivated Die for Enhanced Reliability a 
e Low Noise Figure — 1.5 dB Typ at 2.0 A, 150 MHz Ss CASE 211-11, STYLE 2 


e Excellent Thermal Stability; Suited for Class A Operation MRF173 


MAXIMUM RATINGS 
[Rating |S rmbor | 


Drain Current — Continuous 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 


Storage Temperature Range -65 to +150 
Operating Temperature Range rr ee 


THERMAL CHARACTERISTICS 


CASE 316-01, STYLE 3 
MRF173CQ 





a 
[Terai Resitance,ncionioGase——=—SS=SCSC~*~“‘“‘*~“‘“*~*~*~rC*RWC*SCSC*C~‘“SSSC*d;C 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

[SSCharactevnto «Symbol in | Tye | Max | Uni 


OFF CHARACTERISTICS 


[Dra-Souce Bresiown Vola Vos 0V.VGS=0V) 1p sdmA | Vempss [8 | — | — | v_] 
Zero Gate Volage Dan Gent Wos=20Vos=ov) | _oss_| — | — | 20 | ma _ 
[Gate Source Lesage Curent (Vas=40V;Vog-0M) | tags — | =| +0 | sa 
ON CHARACTERISTICS 

[ate TresotdVotage Vog= HOW ip=soma) ———~S~*dSCcm Jv |e | eo 
[Dein Sure Onvotage Vosion, Ves=10V.i5=305 | Vos | _— | — [1 | v_| 








Forward Transconductance (Vps = 10, Ip =2.0 A) | os | 8 | 22 | | hos _| 


(continued) 


Preferred devices are Motorola recommended choices for future use and best overall value. 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Pacis Sabd [ mie] || 
DYNAMIC CHARACTERISTICS 

[input Capastance Wos=aV.Ves=oWr=tomma | Oe [— [mo [| — | # | 
[Oust capactance Vos =26V.Vag=oWi= 10M) | oes_| — | 08 | — | oF | 
[Rovers Trader Capaciance Nos =28V,Veg=0ut=t@MRe) | Gwe | — |_| — | oF | 


FUNCTIONAL CHARACTERISTICS 


[Nase Foue Vop = 280 tn ise bg=eona ————C«dtS CT [| | | 


Common Source Power Gain 
(Vpp = 28 V, Pout = 80 W, f = 150 MHz, Ipq = 50 mA) 


Drain Efficiency (Vpp = 28 V, Pout = 80 W, f = 150 MHz, Ipq = 50 mA) 


Electrical Ruggedness 
(Vpp = 28 V, Pout = 80 W, f = 150 MHz, Ipq = 50 mA) 
Load VSWR 30:1 at all phase angles 


Series Equivalent Input Impedance MRF173 Zin 2.99-j4.5 
(Vpop = 28 V, Pout = 80 W, f = 150 MHz, Ipq = 50 mA) 
Series Equivalent Output Impedance MRF173 Zout 2.68-j1.3 







(Vpp = 28 V, Pout = 80 W, f = 150 MHz, Ipq = 50 mA) oe 

Series Equivalent Input impedance MRF173CQ Zin 1.35-j5.15 
(Vpp = 28 V, Pout = 80 W, f = 150 MHz, Ilpq = 50 mA) 

Series Equivalent Output Impedance MRF173CQ Zout 2.72-j149 
(Vpp = 28 V, Pout = 80 W, f = 150 MHz, Ipq = 50 mA) 


C1, C15 — 470 pF Unelco L3 — #14 AWG Hairpin 0.8” long ———> 

C2, C3, C5 — Arco 463, 9-180 pF L4 — #14 AWG Hairpin 1.1” long —— 

C4, C6 — 15 pF Unelco RFC1 — Ferroxcube VK200-19/4B 

C7 — Arco 462 5~80 pF RFC2 — 18 Turns #18 AWG Enameled, 0.3” ID 
C8, C10, C14, C16 — 0.1 pF Ri — 10 kQ, 10 Turns Bourns 

C9, C13 — 50 pF, 50 V Electrolytic R2 — 1.8 kQ, 1/4 Watt 

C11, C12 — 680 pF Feed Through R3— 10 kQ, 1/2 Watt 

Li — #16 AWG, 1-1/4 Turns, 0.3” ID Z1 — 1N5925A Motorola Zener 


L2 — #16 AWG Hairpin 1” long ——>- 


Figure 1. 150 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
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Figure 4. Output Power versus Supply Voltage 
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Figure 3. Output Power versus Input Power 
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Figure 7. Power Gain versus Frequency 





MOTOROLA RF DEVICE DATA 


















FEE 
a . 
E Pin = CONSTANT ge 2 Vps = 10V y 
Eo ay Seekseeeeeere 
& Ipq =50 mA = 40 
2 Vesith) = 3.0V pe cs (es SD ee (2 SP | 
& ey en i a AP CP: [ , 
E 3 ttf) 
_ Raa ee eene 
a 
=e ae ne oe 
Lr 
ss De ee 
-14 -12 -10 -8<0 60 +40 -20 0 20 40 60 0 1.0 2.0 3.0 4.0 5.0 6.0 
Vas, GATE-SOURCE VOLTAGE (VOLTS) Vas, GATE-SOURCE VOLTAGE (VOLTS) 
Figure 8. Output Power versus Gate Voltage Figure 9. Drain Current versus Gate Voltage 














a 420 140 
5 
= 360 120 
S ae a ee 
tot = Ves =0V |_| - 
g 8 FREQ=1MHz |__|) 2 
a Z 240 0 = 
= Ss) 
in ) PP Pp et ee le 
rs) = 180 = 
5° 3 |_| 6 
8 5 — 2 
ta 2 120 = 40 é 
s° TT hoy # 
- ss eee eee. 
ao 
07 0 0 
25 0 25 «50 7% 100 12 150 175 0 4 8 12 16 20 24 28 
Tc, CASE TEMPERATURE (C°) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 10. Gate-Source Voltage versus Figure 11. Capacitance versus Drain Voltage 
Case Temperature 
—— 
ae 
a Sa 
S a ae 
= = 
a | 
c 
as 
od -—+— 
= ween Fee 
= a 
a {| 
es fl al 
a | 
a 2.0 40 60 10 20 40 60 100 
Vpg, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 12. DC Safe Operating Area 
MOTOROLA RF DEVICE DATA MRF173eMRF173CQ 


2-233 


DESIGN CONSIDERATIONS 

The MRF173/CQ is a RF MOSFET power N-channel en- 
hancement mode field-effect transistor (FET) designed for 
VHF power amplifier applications. Motorola’s RF MOSFETs 
feature a vertical structure with a planar design, thus avoid- 
ing the processing difficulties associated with V-groove pow- 
er FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig- 
nal, thus facilitating manual gain control, ALC and modula- 
tion. 


DC BIAS 

The MRF173/CQ is an enhancement mode FET and, 
therefore, does not conduct when drain voltage is applied. 
Drain current flows when a positive voltage is applied to the 
gate. See Figure 9 for a typical plot of drain current versus 
gate voltage. RF power FETs require forward bias for opti- 
mum performance. The value of quiescent drain current (IDqQ) 
is not critical for many applications. The MRF173/CQ was 


characterized at I[pq = 50 mA, which is the suggested mini- 
mum value of Ipq. For special applications such as linear 
amplification, Ip@ may have to be selected to optimize the 
critical parameters. 

The gate is a dc open circuit and draws no current. There- 
fore, the gate bias circuit may generally be just a simple re- 
sistive divider network. Some special applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF173/CQ may be controlled from 
its rated value down to zero (negative gain) by varying the de 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (see Figure 
8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used with 
bipolar VHF transistors are suitable for MRF173/CQ. See 
Motorola Application Note AN721, Impedance Matching 
Networks Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad- 
band network design. Both small-signal scattering parame- 
ters and large-signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima- 
tion. This is an additional advantage of RF MOS power FETs. 





Figure 14. Test Circuit — MRF173CQ 





MRF173eMRF173CQ 
2-234 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF MOSFET Line MRF174 
RF Power Field Effect Transistor 


N-Channel Enhancement-Mode 


. .. designed primarily for wideband large-signal output and driver stages up to 


200 MHz frequency range. 125 W, to 200 MHz 
e Guaranteed Performance at 150 MHz, 28 Vdc N-CHANNEL MOS 
Output Power = 125 Watts alco carl Fence 


Minimum Gain = 9.0 dB 
Efficiency = 50% (Min) 
e Excellent Thermal Stability, Ideally Suited For Class A 
Operation 
e Facilitates Manual Gain Control, ALC and Modulation 
Techniques 


e¢ 100% Tested For Load Mismatch At All Phase Angles D 
With 30:1 VSWR 


e Low Noise Figure — 3.0 dB Typ at 2.0 A, 150 MHz 






















MAXIMUM RATINGS 


Drain-Gate Voltage 
(Ras = 1.0 MQ) 


Gate-Source Voltage 
Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 










Storage Temperature Range °C 
oO 





THERMAL CHARACTERISTICS 


eS 
Thermal Resistance, Junction to Case Resc rt 0s a °C 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[erates «dC mbt [in te me [on 


OFF CHARACTERISTICS 


[Dr Source Breakdown Vlage Va5=0Ip=60nA | Vers | _@& [| _— | — |_| 
: Toss | — | 


[Gate Source Leakage Curent Vas=20V.Vos=0) | less 

ON CHARACTERISTICS 

[Forward Tarscontwanco Vos=ioWip=30A | ae | ws | 28 | — | 
DYNAMIC CHARACTERISTICS 


FUNCTIONAL CHARACTERISTICS (Figure 1) 


Es 

| = | 20 | 

ae ee 
(Vpp = 28 Vde, Ip = 2.0 A, f= 150 MHz) 








Common Source Power Gain 
(Vpp = 28 Vde, Pout = 125 W, f = 150 MHz, Ipq = 100 mA) 


Drain Efficiency 
(Vpp = 28 Vdc, Pout = 125 W, f = 150 MHz, Ipq = 100 mA) 


Electrical Ruggedness 
(VoD = 28 Vdc, Pout = 125 W, f = 150 MHz, Ipq = 100 mA, 
VSWR 30:1 at all Phase Angles) 





R3 cg = C10 D1 


RF OUTPUT 








ee — 15 pF rey ite L1 — #16 AWG, 1-1/4 Turns, 0.213” ID 
— Arco 462, 5.0-80 pI . ” 
C3— 100 pF Unelco ‘ L2 — #16 AWG, Hairpin of ye 
C4 — 25 pF Unelco ; 0.47” 
C6 — 40 pF Unelco L3—#14 AWG, Hairpin ———— | 02" 
C7 — Arco 461, 2.7—30 pF L4— 10 Turns #16 AWG Enameled Wire on R1 
C5, C8 — Arco 463, 9.0—180 pF RFC1 — 18 Turns #16 AWG Enameled Wire, 0.3” ID 
C9, C11, C14 — 0.1 wF Erie Redcap R1i— 109,2.0W 
C10 — 50 nF, 50 V R2 — 1.8 kQ, 1/2 W 
C12, C13 — 680 pF Feedthru R3 — 10 kQ, 10 Turn Bourns 
D1 — 1N5925A Motorola Zener R4— 10 kQ, 1/44 W 
Figure 1. 150 MHz Test Circuit 
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Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Supply Voltage 
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Figure 6. Output Power versus Supply Voltage 
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Figure 3. Output Power versus Input Power 
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Figure 5. Output Power versus Supply Voltage 
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Figure 7. Power Gain versus Frequency 
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Figure 12. DC Safe Operating Area 
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Table 1. Common Source Scattering Parameters 
Vps = 28 V, Ip =3.0A 
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Figure 13. S41, Input Reflection Coefficient 





Figure 15. S91, Forward Transmission Coefficient 
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Figure 14. S42, Reverse Transmission Coefficient 
versus Frequency 
Vos = 28 V, Ip =3.0A 


Figure 16. So9, Output Reflection Coefficient 
versus Frequency 
Vps = 28 V, Ip =3.0A 
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Pout = 125 W, Vpp = 28 V 
Ipq = 100 mA 

























































30 
100 
150 
200 


2.90 - j8.95 
1.25 - j2.90 
1.48 - j1.40 
1.30 - j0.90 









2.95 - 3.90 
1.85 - j1.05 
1.72 ~ j0.05 
1.70 + j0.25 


*ZOL = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 
f or 










Figure 17. Series Equivalent Input/Output Impedance, Zjn, ZoL* 
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DESIGN CONSIDERATIONS 

The MRF174 is a RF power N-Channel enhancement 
mode field-effect transistor (FET) designed especially for 
UHF power amplifier and oscillator applications. Motorola RF 
MOSFETs feature a vertical structure with a planar design, 
thus avoiding the processing difficulties associated with V- 
groove vertical power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig- 
nal, thus facilitating manual gain control, ALC and modula- 
tion. 


DC BIAS 

The MRF174 is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
See Figure 9 for a typical plot of drain current versus gate 
voltage. RF power FETs require forward bias for optimum 
performance. The value of quiescent drain current (ipq)-is 
not critical for many applications. The MRF 174 was charac- 


terized at I[pQ = 100 mA, which is the suggested minimum 
value of Ipq. For special applications such as linear amplifi- 
cation, IpQ may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There- 
fore, the gate bias circuit may generally be just a simple re- 
sistive divider network. Some special applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF174 may be controlled from its 
tated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. (See 
Figure 8.) 


AMPLIFIER DESIGN 

Impedance matching networks similar to those used with 
bipolar UHF transistors are suitable for MRF174. See 
Motorola Application Note AN721, Impedance Matching Net- 
works Applied to RF Power Transistors. The higher input 
impedance of RF MOSFETs helps ease the task of broad- 
band network design. Both small signal scattering parame- 
ters and large signal impedances are provided. While the 
s-parameters will not produce an exact design solution for 
high power operation, they do yield a good first approxima- 
tion. This is an additional advantage of RF MOS power FETs. 





Figure 18. Test Fixture 





MRF174 
2-242 


MOTOROLA RF DEVICE DATA 


MOTOROLA 


m= SEMICONDUCTOR 2x 
TECHNICAL DATA 


The RF MOSFET Line 

RF Power 

Field-Effect Transistors 
N-Channel Enhancement-Mode 


... designed for broadband commercial and military applications using push 200/150 WATTS, 28 V, 500 MHz 
pull circuits at frequencies to 500 MHz. The high power, high gain and a a ta 
broadband performance of these devices makes possible solid state transmit- RF POWER FETs 

ters for FM broadcast or TV channel frequency bands. 


e Guaranteed Performance 


MRF175GV @ 28 V, 225 MHz (“V” Suffix) 
Output Power — 200 Watts 
Power Gain — 14 dB Typ 
Efficiency — 65% Typ 
MRF175GU @ 28 V, 400 MHz (“U” Suffix) D 
Output Power — 150 Watts 
Power Gain — 12 dB Typ 
” Efficiency — 55% Typ G 
e 100% Ruggedness Tested At Rated Output Power s 
e Low Thermal Resistance g spate) 
e Low Crgg — 20 pF Typ @ Vps = 28 V 
D CASE 375, STYLE 2 


MAXIMUM RATINGS 





Drain-Source Voltage 


Drain-Gate Voltage 
(Ras = 1.0 MQ) 





THERMAL CHARACTERISTICS 


Symbol | ___Max—*| ‘Unit 
Thermal Resistance, Junction to Case Resc a eee ee 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[—S«Characteristic ————SS—~«Y’CSymbot [win [Typ [wax] Unit _| 
OFF CHARACTERISTICS (1) 


Gate-Source Leakage Current 
(V@s = 20 V, Vps = 0) 





(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Characteriaio——~——*(|_Symbol_[ Win | Tp | Max | Unit 


ON CHARACTERISTICS (1) 


Gate Threshold Voltage (Vpg = 10 V, Ip = 100 mA) 


Drain-Source On-Voltage (Vqs = 10 V, Ip = 5.0 A) 
Forward Transconductance (Vps = 10 V, Ip = 2.5 A) 





DYNAMIC CHARACTERISTICS (1) 


Input Capacitance (Vpg = 28 V, Vas = 0, f = 1.0 MHz) 


Output Capacitance (Vps = 28 V, V@g = 0, f = 1.0 MHz) 


Reverse Transfer Capacitance (Vps = 28 V, Vas = 0, f= 1.0 MHz) 


Common Source Power Gain 


(Vpp = 28 Vde, Pout = 200 W, f = 225 MHz, Ipq = 2.0 x 100 mA) 


Drain Efficiency 


(Vpp = 28 Vide, Pout = 200 W, f = 225 MHz, Ipg = 2.0 x 100 mA) 


Electrical Ruggedness 


(Vpp = 28 Vdc, Pout = 200 W, f = 225 MHz, Ipq = 2.0 x 100 mA, 


VSWR 10:1 at all Phase Angles) 


NOTES: 


1. Each side of device measured separately. 
2. Measured in push-pull configuration. 


No Degradation in Output Power 








C1 — Arco 404, 8.0-60 pF 

C2, C3, C7, C8 — 1000 pF Chip 

C4, C9 — 0.1 uF Chip 

C5 — 180 pF Chip 

C6 — 100 pF and 130 pF Chips in Parailel 

C10 — 0.47 yF Chip, Kemet 1215 or Equivalent 

Li — 10 Turns AWG #16 Enamel Wire, Close 
Wound, 1/4” 1.D. 

L2— Ferrite Beads of Suitable Material for 
1.5-2.0 pH Total Inductance 


Board material — .062” fiberglass (G10), 
Two sided, 1 oz. copper, e, = 5 

Unless otherwise noted, all chip capacitors 
are ATC Type 100 or Equivalent. 


R1— 100 Ohms, 1/2 W 
R2— 1.0k Ohm, 1/2 W 
T1— 4:1 Impedance Ratio RF Transformer. 
Can Be Made of 25 Ohm Semirigid Coax, 
47-52 Mils O.D. 

T2 — 1:9 Impedance Ratio RF Transformer. 
Can Be Made of 15-18 Ohms Semirigid 
Coax, 62-90 Mils O.D. 

NOTE: For stability, the input transformer T1 should be loaded 
with ferrite toroids or beads to increase the common 
mode inductance. For operation below 100 MHz. The 
same is required for the output transformer. 


Figure 1. 225 MHz Test Circuit 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


| Characteristic Symbol [min ye Max [unit 


FUNCTIONAL CHARACTERISTICS — MRF175GU (1) (Figure 2) 


Common Source Power Gain 
(Vpp = 28 Vdc, Pout = 150 W, f = 400 MHz, Ipq = 2.0 x 100 mA) 


Drain Efficiency 
(VppD = 28 Vdc, Pout = 150 W, f = 400 MHz, Ipq = 2.0 x 100 mA) 


Electrical Ruggedness 
(Vpp = 28 Vdc, Pout = 150 W, f = 400 MHz, Ipq = 2.0 x 100 mA, 
VSWR 10:1 at all Phase Angles) 





NOTE: 
1. Measured in push-pull configuration. 






0.180” — (ar: s 





Sf Ne re 
lea ror 7 0.200” 
B1 — Balun 50 Q Semi Rigid Coax 0.086” O.D. 2” Long L1, L2 — Hairpin Inductor #18 Wire 
B2 — Balun 50 Q Semi Rigid Coax 0.141” O.D. 2” Long L3, L4 — 12 Turns #18 Enameled Wire 0.340” I.D. 
C1, C2, C8, C9 — 270 pF ATC Chip Cap L5 — Ferroxcube VK200 20/4B 
C3, C5, C7 — 1.0—20 pF Trimmer Cap L6 — 3 Turns #16 Enameled Wire 0.340” I.D. 
C4 — 15 pF ATC Chip Cap R1 — 1.0 kQ 1/4 W Resistor 
C6 — 33 pF ATC Chip Cap R2, R3— 10 kQ 1/4 W Resistor 
C10, C12, C13, C16, C17 — 0.01 uF Ceramic Cap Z1, Z2 — Microstrip Line 0.400” x 0.250” 
C11 — 1.0 pF 50 V Tantalum 23, Z4 — Microstrip Line 0.870” x 0.250” 
C14, C15 — 680 pF Feedthru Cap 25, Z6 — Microstrip Line 0.500” x 0.250” 
C18 — 20 uF 50 V Tantalum Board material — 0.060” Teflon-fiberglass, 
€r = 2.55, copper clad both sides, 2 oz. copper. 
Figure 2. 400 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 
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Figure 3. Common Source Unity Current Gain Figure 4. DC Safe Operating Area 


Frequency versus Drain Current 
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Figure 7. Capacitance versus Drain-Source Voltage* 
* Data shown applies to each half of MRF175GV/GU. 
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TYPICAL CHARACTERISTICS 
MRF175GV 


320 


a a 
E E 
= S 20 
ha 
z & 200 
2 & 
fe & 160 
S a 
J 2 120 
2 ae es Vpp = 28V Ss 8 
: Ipq = 2x 100 mA 40 
FA ee ee ee Ea 
7 SK , 
0 12 1 
Pin, POWER INPUT (WATTS) 
Figure 8. Power Input versus Power Output 
MRF175GU 


Pout, OUTPUT POWER (WATTS) 


Vpp, SUPPLY VOLTAGE (VOLTS) 


Figure 10. Output Power versus Supply Voltage 


POWER GAIN (dB) 
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Pout, OUTPUT POWER (WATTS) 


MRF175GV 
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Figure 12. Power Gain versus Frequency 


Vpp, SUPPLY VOLTAGE (VOLTS) 


Figure 9. Output Power versus Supply Voltage 





Pin, INPUT POWER (WATTS) 


Figure 11. Output Power versus Input Power 
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INPUT AND OUTPUT IMPEDANCE 
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ZoL* = CONJUGATE OF THE OPTIMUM 
LOAD IMPEDANCE INTO WHICH THE 
DEVICE OPERATES AT A GIVEN OUTPUT 
POWER, VOLTAGE, AND FREQUENCY. 


Vpp=28V Ipq=2x 100 mA 


ZIN Zou" 
OHMS OHMS 


(Pout = 150 W) 






f=500 1.95 - j2.30 | 3.10 - j0.25 


2.60 + j0.20 
2.00 +j1.20 
1.70 + j2.70 


a (Pout = 200 W) 
6.50 -j5.10 | 6.30 - j2.50 
§.00 - j4.80 | 5.75 - j2.75 
3.60 - j4.20 | 4.60 - j2.65 
2.80 - j3.60 | 2.60 - j2.20 
1.95 - j2.30 | 2.60 - j0.60 


a) 





NOTE: Input and output impedance values given are measured from gate to gate and drain to drain respectively. 


Figure 13. Series Equivaient Input/Output impedance 


RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal oxide gate structure deter- 
mines the capacitors from gate-to-drain (Cgq), and gate-to- 
source (Cgg). The PN junction formed during the fabrication 
of the MOSFET results in a junction capacitance from drain- 
to-source (Cqs). 

These capacitances are characterized as input (Cjgg), out- 
put (Cogs) and reverse transfer (Crgg) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cisg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 


DRAIN 


Cigg = Cag + C 
Cogs = 


‘gd + Yds 
Crsg = Cod 





The Cigg given in the electrical characteristics table was 
measured using method 2 above. It should be noted that 
Ciss, Cogs, Crgg are measured at zero drain current and are 


provided for general information about the device. They are 
not RF design parameters and no attempt should be made to 
use them as such. 


LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain, data pres- 
ented in Figure 3 may give the designer additional informa- 
tion on the capabilities of this device. The graph represents 
the small signal unity current gain frequency at a given drain 
current level. This is equivalent to fT for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex- 
tent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VpS(on), occurs in the 
linear region of the output characteristic and is specified un- 
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, Vpg(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the MOSFET is a polysilicon material, and is 
electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 
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Gate control is achieved by applying a positive voltage 
slightly in-excess of the gate-to-source threshold voltage, 
VGS (th): 

Gate Voltage Rating — Never exceed the gate voltage 
rating (or any of the maximum ratings on the front page). Ex- 
ceeding the rated Vgs can result in permanent damage to 
the oxide layer in the gate region. 

Gate Termination — The gates of this device are essen- 
tially capacitors. Circuits that leave the gate open-circuited or 
floating should be avoided. These conditions can result in 
turn-on of the devices due to voltage build-up on the input 
capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 


HANDLING CONSIDERATIONS 

When shipping, the devices should be transported only in 
antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap- 
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with grounded 
equipment. 
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- DESIGN CONSIDERATIONS 


The MRF175G is a RF power N-channel enhancement 
mode field-effect transistor (FETs) designed for HF, VHF and 
UHF power amplifier applications. Motorola RF MOSFETs 
feature a vertical structure with a planar design. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power de control sig- 
nal. 


DC BIAS 

The MRF175G is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor- 
mance. The value of quiescent drain current (IDQ) is not criti- 
cal for many applications. The MRF175G was characterized 
at IDQ = 100 mA, each side, which is the suggested minimum 
value of Ipq. For special applications such as linear amplifi- 
cation, Ip@ may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There- 
fore, the gate bias circuit may be just a simple resistive divid- 
er network. Some applications may require a more elaborate 
bias sytem. 


GAIN CONTROL ; 

Power output of the MRF176 may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 





MRF175GVeMRF175GU 
2-249 





MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF MOSFET Line 
RF Power 


Field-Effect Transistors 
N-Channel Enhancement-Mode 
100 W, 28 V, 400 MHz 


... designed for broadband commercial and military applications using single N-CHANNEL 
ended circuits at frequencies to 400 MHz. The high power, high gain and BROADBAND 
broadband performance of each device makes possible solid state transmitters RF POWER FETs 
for FM broadcast or TV channel frequency bands. 
e Guaranteed Performance 
MRF175LV @ 28 V, 225 MHz (‘“V” Suffix) 
Output Power — 100 Watts 
Power Gain — 14 dB Typ 
Efficiency — 65% Typ 
MRF175LU @ 28 V, 400 MHz (“U” Suffix) D 
Output Power — 100 Watts 
Power Gain — 10 dB Typ 
Efficiency — 55% Typ 
e 100% Ruggedness Tested At Rated Output Power 
e Low Thermal Resistance 


e Low Crgg — 20 pF Typ @ Vps = 28 V 
























MAXIMUM RATINGS 


Drain-Source Voltage 


Gate-Source Voltage 


Drain Current — Continuous 








Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Reuc a: ee ee 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[harass «Sebo | in te exn 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSS Vde 
(Vgs = 0, Ip = 50 mA) 

Zero Gate Voltage Drain Current Ipss 2.5 mAdc 
(Vps = 28 V, Vas = 0) 





Gate-Body Leakage Current lass 1.0 pAdc 
(V@s = 20 V, Vps = 0) 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee 


ON CHARACTERISTICS 


Gate Threshold Voltage (Vps = 10 V, Ip = 100 mA) V@S(th) 


Drain-Source On-Voltage (V@g = 10 V, Ip = 5.0 A) 


Forward Transconductance (Vps = 10 V, Ip = 2.5 A) 





DYNAMIC CHARACTERISTICS 


Input Capacitance (Vpg = 28 V, Vag = 0, f = 1.0 MHz) 





Output Capacitance (Vps = 28 V, V@s = 0, f = 1.0 MHz) 
Reverse Transfer Capacitance (Vpg = 28 V, V@gs = 0, f = 1.0 MHz) 


FUNCTIONAL CHARACTERISTICS — MRF175LV (Figure 1) 


Common Source Power Gain 

(VppD = 28 Vde, Pout = 100 W, f = 225 MHz, Ipq = 100 mA) 
Drain Efficiency 

(VppD = 28 Vde, Pout = 100 W, f = 225 MHz, Ipq = 100 mA) 


Electrical Ruggedness 
(Vpp = 28 Vde, Pout = 100 W, f = 225 MHz, Ipq = 100 mA, 
VSWR 30:1 at all Phase Angles) 
FUNCTIONAL CHARACTERISTICS — MRF175LU (Figure 2) 
Common Source Power Gain 
(Vpp = 28 Vde, Pout = 100 W, f = 400 MHz, Ipq = 100 mA) 


Drain Efficiency 
(Vpp = 28 Vdc, Pout = 100 W, f = 400 MHz, Ipq = 100 mA) 


Electrical Ruggedness 
(Vpp = 28 Vdc, Pout = 100 W, f = 400 MHz, Ipq = 100 mA, 
VSWR 30:1 at all Phase Angles) 


BIAS 


RF INPUT 


C1, C2, C8 — Arco 463 or Equivalent L1 — Hairpin Inductor #18 Wire 
C3, C7 — 25 pF Unelco Cap 

C4 — 1000 pF Chip Cap 

C5 — 0.01 pF Chip Cap ( } 0.32” 


C6 — 250 pF Unelco Cap 
0.15” —| Le 


C9 — Arco 462 or Equivalent 
C10 — 1000 pF ATC Chip Cap 
L2 — Stripline Inductor 0.200” x 0.500” 


C11 — 10 pF 100 V Electrolytic 


Figure 1. 225 MHz Test Circuit 
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+28 Vdc 


RF OUTPUT 


L3 — Hairpin Inductor #16 Wire 


ae 
f 0.45” 


02” —ol be— 


L4— 2 Turns #16 Wire 5/16” ID 
RFC1 — VK200-4B 

R1 — 1.0 k 1/4 W Resistor 
R2— 100 © Resistor 
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fT, UNITY GAIN FREQUENCY (MHz) 





C1, C8 — 270 pF ATC Chip Cap 


C2, C4, C6, C7 — 1.0—20 pF Trimmer Cap 


C3 — 15 pF Mini Unelco Cap 

C5 — 33 pF Mini Unelco Cap 

C9, C10, C12 — 0.1 uF Ceramic Cap 
C11, C14 — 680 pF Feed Thru Cap 
C13 — 50 uF Tantalum Cap 


0 
0 2 4 6 8 10 
Ip, DRAIN CURRENT (AMPS) 


12 





14 


D1 — 1N5352 Zener Diode 
L1— Hairpin Inductor #18 Wire 


=f 
0.25” —m| Pe | 


0.4” 


L2 — 12 Turns #18 Wire 0.450” ID 
L3 — Ferroxcube VK200 20/4B 


Figure 2. 400 MHz Test Circuit 


TYPICAL CHARACTERISTICS 


Ip, DRAIN CURRENT (AMPS) 


16 #18 20 


Figure 3. Common Source Unity Current Gain 
Frequency versus Drain Current 
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Ri — 10 k 1/4 W Resistor 

R2— 10 k Variable Resistor 

R3 — 1.5 k 1/4 W Resistor 

Z1 — Microstrip Line 0.950” x 0.250” 
Z2 — Microstrip Line 1” x 0.250” 

Z3 — Microstrip Line 0.550” x 0.250” 
Board Material — 0.062” Teflon — 
fiberglass, e, = 2.56, 1 oz. copper 
clad both sides 





Ip, DRAIN CURRENT (AMPS) 
Figure 4. DC Safe Operating Area 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 


MRF175LV MRF175LU 


naAA\aEE 
EAA 







\s 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


DQ = 100 mA 
= 400 MHz 





co EEE 
SMR eaae 





12 14 16 18 20 
Vpp, SUPPLY VOLTAGE (VOLTS) SUPPLY VOLTAGE Wate 


Figure 8. Output Power versus Supply Voltage Figure 9. Output Power versus Supply Voltage 





POWER GAIN (dB) 
Pout OUTPUT POWER (WATTS) 





f, FREQUENCY (MHz) he nen sole hare 
Figure 10. Power Gain versus Frequency Figure 11. Output Power versus Input Power 
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INPUT AND OUTPUT IMPEDANCE 





Vpp = 28V Ipg = 100 mA 

















(Pout = 100 W) 

f Zin ZoL* 
MHz Ohms Ohms 
30 | 2.80 — j4.00 | 3.65 — j1.30 
100 | 1.40 — j2.80 | 2.60 — j1.50 
150 | 1.10 — j1.90 | 2.10 — j1.40 
175 | 1.00 — j1.25 | 1.80 — j1.20 
225 | 0.95 — j0.65 | 1.50 — j0.80 
300 | 0.95 + j0.20 | 1.35 — j0.30 
400 | 1.05 + j1.15 | 1.45 + j0.55 








ZoL* = CONJUGATE OF THE OPTIMUM 
LOAD IMPEDANCE INTO WHICH THE 
DEVICE OPERATES AT A GIVEN OUTPUT 
POWER, VOLTAGE, AND FREQUENCY. 


RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal oxide gate structure deter- 
mines the capacitors from gate-to-drain (Cgq), and gate-to- 
source (Cgs). The PN junction formed dining the fabrication 
of the FET results in a junction capacitance from drain-to- 
source (Cqs). 

These capacitances are characterized as input (Cigg), Out- 
put (Cogs) and reverse transfer (C;gs) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cigg can be specified in two ways: 

1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 


heal tall + Cgs 


gd + Cys 
= = Cgd 





“LINEARITY AND GAIN CHARACTERISTICS 
In addition to the typical IMD and power gain data pres- 
ented, Figure 3 may give the designer additional information 
on the capabilities of this device. The graph represents the 
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smal signal unity current gain frequency at a given drain cur- 
rent level. This is equivalent to ft for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex- 
tent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VDS(on); occurs in the 
linear region of the output characteristic and is specified un- 
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VbS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the FET is a polysilicon material, and is electri- 
cally isolated from the source by a layer of oxide. The input 
resistance is very high — on the order of 109 ohms — result- 
ing in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th)- 

Gate Voltage Rating — Never exceed the gate voltage 
rating. Exceeding the rated Vq@s can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 
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Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended. 

Using a resistor to keep the gate-to-source impedance low 
also helps damp transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 


HANDLING CONSIDERATIONS 

When shipping, the devices should be transported only in 
antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap- 
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with a grounded 
iron. 


DESIGN CONSIDERATIONS 

The MRF175L is a RF power N-channel enhancement 
mode field-effect transistor (FETs) designed for HF, VHF and 
UHF power amplifier applications. Motorola FETs feature a 
vertical structure with a planar design. 
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Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig- 
nal. 


DC BIAS 

The MRF175L is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
RF power FETs require forward bias for optimum perfor- 
mance. The value of quiescent drain current (IpqQ) is not criti- 
cal for many applications. The MRF175L was characterized 
at IDQ = 100 mA, each side, which is the suggested minimum 
value of Ipq. For special applications such as linear amplifi- 
cation, IpQ may have to be selected to optimize the critical 
parameters. 

The gate is a de open circuit and draws no current. There- 
fore, the gate bias circuit may be just a simple resistive divid- 
er network. Some applications may require a more elaborate 
bias sytem. 


GAIN CONTROL 

Power output of the MRF175L may be controlled from its 
rated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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TECHNICAL DATA 


MRF176GV 


The RF MOSFET Line 
RF Power MRF176GU 


Field-Effect Transistors 
N-Channel Enhancement-Mode 
200/150 W, 50 V, 500 MHz 


. .. designed for broadband commercial and military applications using push N-CHANNEL MOS 
pull circuits at frequencies to 500 MHz. The high power, high gain and BROADBAND 

broadband performance of these devices makes possible solid state transmit- RF POWER FETs 
ters for FM broadcast or TV channel frequency bands. 


e Electrical Performance 
MRF176GV @ 50 V, 225 MHz (‘“V” Suffix) 
Output Power — 200 Watts 
Power Gain — 17 dB Typ 
Efficiency — 55% Typ 
MRF176GU @ 50 V, 400 MHz (“U” Suffix) D 
Output Power — 150 Watts 
Power Gain — 14 dB Typ 
Efficiency — 50% Typ G 
¢ 100% Ruggedness Tested At Rated Output Power (FLANGE) 
e Low Thermal Resistance 


























MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


ee 


Handling and Packaging — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[harass «dmb [wn [tw [we [on 
OFF CHARACTERISTICS (1) 


Drain-Source Breakdown Voltage © 
(Vas = 0, Ip = 100 mA) 





Zero Gate Voltage Drain Current 


(Vps = 50 V, Vas = 0) 


Gate-Body Leakage Current 
(Vas = 20 V, Vps = 0) 


NOTE: (continued) 
1. Each side of device measured separately. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 
ON CHARACTERISTICS a : 

[Gate Threshold otage Vos=iowip= Toma ___—*|_vasm [70 [89 [60 | ve 
[Dai Souce Onveiage Vas=T0V.ip=80A) | Vos |— | — | #9 | ve | 
[Foard Terecontilance Vos=i0V.i5=26A) | ae | 20 | 80 | — | aime | 
DYNAMIC CHARACTERISTICS (1) 


Common Source Power Gain 
(Vpp = 50 Vdc, Pout = 200 W, f = 225 MHz, Ipq = 2.0 x 100 mA) 


Drain Efficiency 
(Vpp = 50 Vdc, Pout = 200 W, f = 225 MHz, Ipg = 2.0 x 100 mA) 


Electrical Ruggedness 
(Vpp = 50 Vde, Pout = 200 W, f = 225 MHz, Ipq = 2.0 x 100 mA, 
VSWR 10:1 at all Phase Angles) 
NOTES: 
1. Each side of device measured separately. 
2. Measured in push-pull configuration. 

















C1 — Arco 404, 8.0-60 pF 2 — Ferrite Beads of Suitable Material 
C2, C3, C6, C8 — 1000 pF Chip for 1.5—2.0 pH, Total Inductance 
C4, C9 — 0.1 pF Chip R1— 100 Ohms, 1/2 W 
C5 — 180 pF Chip R2 — 1.0 kOhms, 1/2 W 
C7 — Arco 403, 3.0—35 pF T1 — 4:1 Impedance Ratio RF Transformer. 
C10 — 0.47 yF Chip, Kemet 1215 or Equivalent Can Be Made of 25 Ohm Semirigid 
L1— 10 Tums AWG #16 Enameled Wire, Co-Ax, 47-62 Mils O.D. 
Close Wound, 1/4” 1.D. T2 — 1:4 Impedance Ratio RF Transformer. 
Board material — .062” fiberglass (G10), Can Be Made of 25 Ohm Semirigid 
Two sided, 1 oz. copper, er = 5 Co-Ax, 62-90 Mils O.D. 
Unless otherwise noted, all chip capacitors NOTE: For stability, the input transformer T1 should be loaded 
are ATC Type 100 or Equivalent with ferrite toroids or beads to increase the common 


mode inductance. For operation below 100 MHz. The 
same is required for the output transformer. 


Figure 1. 225 MHz Test Circuit 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


cn ee eee Pe ee (ee 


FUNCTIONAL CHARACTERISTICS — MRF176GU (1) (Figure 2) 


Common Source Power Gain 
(Vpp = 50 Vde, Pout = 150 W, f = 400 MHz, Inq = 2.0 x 100 mA) 


Drain Efficiency 
(VpD = 50 Vdc, Pout = 150 W, f = 400 MHz, Ipq = 2.0 x 100 mA) 


Electrical Ruggedness 
(Vpp = 50 Vdc, Pout = 150 W, f = 400 MHz, Ipq = 2.0 x 100 mA, No Degradation in Output Power 
VSWR 10:1 at all Phase Angles) 


NOTE: 
1. Measured in push-pull configuration. 








C14 T Ci6 T 
B1 — Balun, 50 Q Semirigid Coax .086 OD 2” Long — = 
B2 — Balun, 50 Q Semirigid Coax .141 OD 2” Long 
Ci, C2, C9, C10 — 270 pF ATC Chip Capacitor 
C3 — 15 pF ATC Chip Cap 
C4, C8 — 1.0—20 pF Piston Trimmer Cap 
C5 — 27 pF ATC Chip Cap 
C6, C7 — 22 pF Mini Unelco Capacitor L5, L6 — 13T #18 W .250 ID 


C11, C13, C14, C15, C16 — 0.01 uF Ceramic Capacitor A 400” L7 — Ferroxcube VK-200 20/48 


C12 — 1.0 pF 50 V Tantalum Cap L8 — 3T #18 W 340 ID 
C17, C18 — 680 pF Feedthru Capacitor 500 el} Le f R1 — 1.0 kQ 1/4 W Resistor 
C19 — 10 uF 100 V Tantalum Cap R2, R3 — 10 kQ 1/4 W Resistor 


L1, L2 — Hairpin Inductor #18 W 21, Z2 — Microstrip Line .400L x .250W 


L3, L4 — Hairpin Inductor #18 W—__ =~ — 200” 23, Z4 — Microstrip Line .450L x .250W 
i 200” 1 be 

Ckt Board Material — .060” teflon-fiberglass, copper clad both sides, 2 oz. copper, 

€r = 2.55 


Figure 2. 400 MHz Test Circuit 
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TYPICAL CHARACTERISTICS 


fT, UNITY GAIN-FREQUENCY (MHz) 
Ip, DRAIN CURRENT (AMPS) 





Ip, DRAIN CURRENT (AMPS) Vps; DRAIN-SOURCE VOLTAGE (VOLTS) 


Figure 3. Common Source Unity Current Gain* Figure 4. DC Safe Operating Area 
Gain-Frequency versus Drain Current 


* Data shown applies to each half of MRF176GV/GU 











INPUT AND OUTPUT IMPEDANCE 
MRF176GU/GV 
Vpp=50V Ipq=2x 100 mA 







=a 


Pout = 150W) 









f= 500 MHz . 2 ; S 
2.00 -j1.10 | 4.80 - j3.10 
1.85 + j0.75 | 3.00 -j1.90 
1.60 +j2.70 | 2.60 + j0.10 


(Pout = 200W) 


7.50 - {6.50 | 17.00 - j4.00 
5.50 - {7.00 | 14.00 - j5.00 


500 MHz 


~n 


i TP fos s3qeasi 





weed 





3.20 - j6.00 | 11.00 -j5.20 
2.50 - j4.80 | 8.20 - 5.00 
2.05 - 2.50 | 5.00 - 4.20 


(3p) nbadawas Soreisnenoo wo (2 





ZoL* = Conjugate of the optimum load 
impedance into which the device output 
operates at a given output power, voltage 
on agai 


prone 


NOTE: input and output impedance values given are measured from gate to Gate and drain to drain respectively. 


Figure 5. Series Equivalent Input/Output Impedance 
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TYPICAL CHARACTERISTICS 


dS A 30 


2 a cet) a Pee ad oe ie (Se 
eae ee 



























= SSR iiinnesn erase 
c i Ba Pout = 200 W 
2 ———t | —=«d “ss 
go ee «J IN TT 
Eo es} UU TT TT ONT 
z “At er vessv— go CU eA 
So es Ol be S HE PTTL TT | I sow 
10 
ya a, nal 
5 5 
0 1 J 5 00 200 500 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 6. Capacitance versus Drain-Source Voltage* Figure 7. Power Gain versus Frequency 
* Data shown applies to each half of MRF176GV/GU 
MRF176GV 
300 320 
: ogee eo) |e 
: pee ed ale 
= = 240 
5 20 ee a a ee a 
3 Pig Rae ee a 
Azer ev eer 
S 100 a aoe a ee a 12 es ea OG 
s A om] 3 a oe oe 
a a 0 a a ( F 
a ae 
Pin, POWER ee (WATTS) Re sea erie are 
Figure 8. Power Input versus Power Output Figure 9. Output Power versus Supply Voltage 
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TYPICAL CHARACTERISTICS 
MRF176GU 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 


Vpp = 40 V 
Ipq=2x 100 mA 





Pin: INPUT POWER (WATTS) Pins INPUT POWER (WATTS) 


Figure 10. Output Power versus Input Power Figure 11. Output Power versus Input Power 


Pout, OUTPUT POWER (WATTS) 





Vpp; SUPPLY VOLTAGE (VOLTS) 


Figure 12. Output Power versus Supply Voltage 
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RF POWER MOSFET CONSIDERATIONS 


MOSFET CAPACITANCES 

The physical structure of a MOSFET results in capacitors 
between the terminals. The metal oxide gate structure deter- 
mines the capacitors from gate-to-drain (Cgq), and gate-to- 
source (Cgs). The PN junction formed during the fabrication 
of the MOSFET results in a junction capacitance from drain- 
to-source (Cqs). 

These capacitances are characterized as input (Cjgg), out- 
put (Cogs) and reverse transfer (Crs) capacitances on data 
sheets. The relationships between the inter-terminal capaci- 
tances and those given on data sheets are shown below. The 
Cigg can be specified in two ways: 


1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respect to source and zero 
volts at the gate. In the latter case the numbers are lower. 
However, neither method represents the actual operat- 
ing conditions in RF applications. 


Ciss = Cgq + Cys 


Cus Cogs = Cgd +Cqs 
rss = Sgd 


SOURCE 





The Cjgg given in the electrical characteristics table was 
measured using method 2 above. It should be noted that 
Ciss; Cogs, Crgg are measured at zero drain current and are 
provided for general information about the device. They are 
not RF design parameters and no attempt should be made to 
use them as such. 


LINEARITY AND GAIN CHARACTERISTICS 

In addition to the typical IMD and power gain, data pres- 
ented in Figure 3 may give the designer additional informa- 
tion on the capabilities of this device. The graph represents 
the small signal unity current gain frequency at a given drain 
current level. This is equivalent to f7 for bipolar transistors. 
Since this test is performed at a fast sweep speed, heating of 
the device does not occur. Thus, in normal use, the higher 
temperatures may degrade these characteristics to some ex- 
tent. 


DRAIN CHARACTERISTICS 

One figure of merit for a FET is its static resistance in the 
full-on condition. This on-resistance, VpS(on), occurs in the 
linear region of the output characteristic and is specified un- 
der specific test conditions for gate-source voltage and drain 
current. For MOSFETs, VDS(on) has a positive temperature 
coefficient and constitutes an important design consideration 
at high temperatures, because it contributes to the power 
dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the MOSFET is a polysilicon material, and is 
electrically isolated from the source by a layer of oxide. The 
input resistance is very high — on the order of 109 ohms — 
resulting in a leakage current of a few nanoamperes. 
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Gate control is achieved by applying a positive voltage 
slightly in excess of the gate-to-source threshold voltage, 
VGS(th): 

Gate Voltage Rating — Never exceed the gate voltage 
rating (or any of the maximum ratings on the front page). Ex- 
ceeding the rated Vq@g can result in permanent damage to 
the oxide layer in the gate region. 

Gate Termination — The gates of this device are essen- 
tially capacitors. Circuits that leave the gate open-circuited or 
floating should be avoided. These conditions can result in 
turn-on of the devices due to voltage build-up on the input 
capacitor due to leakage currents or pickup. 

Gate Protection — This device does not have an internal 
monolithic zener diode from gate-to-source. The addition of 
an internal zener diode may result in detrimental effects on 
the reliability of a power MOSFET. If gate protection is re- 
quired, an external zener diode is recommended. 


HANDLING CONSIDERATIONS 

The gate of the MOSFET, which is electrically isolated 
from the rest of the die by a very thin layer of SiO2, may be 
damaged if the power MOSFET is handled or. installed 
improperly. Exceeding the 40 V maximum gate-to-source 
voltage rating, VGS(max), can rupture the gate insulation and 
destroy the FET. RF Power MOSFETs are not nearly as sus- 
ceptible as CMOS devices to damage due to static discharge 
because the input capacitances of power MOSFETs are 
much larger and absorb more energy before being charged 
to the gate breakdown voltage. However, once breakdown 
begins, there is enough energy stored in the gate-source ca- 
pacitance to ensure the complete perforation of the gate ox- 
ide. To avoid the possibility of device failure caused by static 
discharge, precautions similar to those taken with small-sig- 
nal MOSFET and CMOS devices apply to power MOSFETs. 

When shipping, the devices should be transported only in 
antistatic bags or conductive foam. Upon removal from the 
packaging, careful handling procedures should be adhered 
to. Those handling the devices should wear grounding straps 
and devices not in the antistatic packaging should be kept in 
metal tote bins. MOSFETs should be handled by the case 
and not by the leads, and when testing the device, all leads 
should make good electrical contact before voltage is ap- 
plied. As a final note, when placing the FET into the system it 
is designed for, soldering should be done with grounded 
equipment. 

The gate of the power MOSFET could still be in danger af- 
ter the device is placed in the intended circuit. If the gate may 
see voltage transients which exceed VGs(max); the circuit de- 
signer should place a 40 V zener across the gate and source 
terminals to clamp any potentially destructive spikes. Using a 
resistor to keep the gate-to-source impedance low also helps 
damp transients and serves another important function. Volt- 
age transients on the drain can be coupled to the gate 
through the parasitic gate-drain capacitance. If the gate-to- 
source impedance and the rate of voltage change on the 
drain are both high, then the signal coupled to the gate may 
be large enough to exceed the gate-threshold voltage and 
turn the device on. 


DESIGN CONSIDERATIONS 
The MRF176G is a RF power N-channel enhancement 
mode field-effect transistor (FETs) designed for VHF and 
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UHF power amplifier applications. Motorola RF MOSFETs 
feature a vertical structure with a planar design, thus avoid- 
ing the processing difficulties associated with V-groove MOS 
power FETs. 

Motorola Application Note AN211A, FETs in Theory and 
Practice, is suggested reading for those not familiar with the 
construction and characteristics of FETs. 

The major advantages of RF power FETs include high 
gain, low noise, simple bias systems, relative immunity from 
thermal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. Power output can 
be varied over a wide range with a low power dc control sig- 
nal, thus facilitating manual gain control, ALC and modula- 
tion. 


DC BIAS 

The MRF176G is an enhancement mode FET and, there- 
fore, does not conduct when drain voltage is applied. Drain 
current flows when a positive voltage is applied to the gate. 
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RF power FETs require forward bias for optimum perfor- 
mance. The value of quiescent drain current (pq) is not criti- 
cal for many applications. The MRF176G was characterized 
at IpQ= 100 mA, each side, which is the suggested minimum 
value of IpqQ. For special applications such as linear amplifi- 
cation, Ipq may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws no current. There- 
fore, the gate bias circuit may be just a simple resistive divid- 
er network. Some applications may require a more elaborate 
bias sytem. 


GAIN CONTROL 

Power output of the MRF176 may be controlled from its 
tated value down to zero (negative gain) by varying the dc 
gate voltage. This feature facilitates the design of manual 
gain control, AGC/ALC and modulation systems. 
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TECHNICAL DATA 


MRF177 


RF Power 


Field Effect Transistors 
N-Channel Enhancement Mode MOSFETs 


*Motorola Preferred Device 


100 W, 28 V, 400 MHz 


Designed for broadband commercial and military applications up to 400 MHz N-CHANNEL 
frequency range. Primarily used as drivers or output amplifiers in push-pull BROADBAND 
configurations. Can be used in manual gain control, ALC and modulation RF POWER MOSFETs 
circuits. CASE 744A-01 


e Typical Performance at 400 MHz, 28 V: ho] 
Output Power — 100 W | 
| 


| 
i 2 
Gain — 12 dB I T < 
Efficiency — 60% | | | 
e Low Thermal Resistance 6 
e LowCrsg— 10 pF Typ @ Vpg=28 Volts 5.8 44 
7 


e Ruggedness Tested at Rated Output Power CASE 7448-01, STYLE 2 





| 
e Nitride Passivated Die for Enhanced Reliability A MRF177 
e Excellent Thermal Stability; Suited for Class A | | : 
Operation eerie Ae ee (ts 
CASE 390B-01 
lo 


ot 


yy l CASE 390B-01, STYLE 1 
2 MRF177M 


| 
| | 
MAXIMUM RATINGS [ eeanee eer! 








Rating [Symbot [vee Uk 
Drain-Source Voage [voss | C~dC CS 
Gate-Source Voage Pp ves OCC 
Drain Curent — Coninuous Pee ee ie = ae 
Derate above 25°C 1.54 W/°C 
Storage Temperature Range 
Operating Temperature Range fe a 

THERMAL CHARACTERISTICS 

a 

[ Thermal Resistance, JunciontoGase——=S~*~*~iTSCRCd|CSCSCtCSC*idSC‘“ OC 





NOTE: 
1. Total device dissipation rating applies only when the device is operated as an RF push-pull amplifier. 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 





packaging MOS devices should be observed. 


Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[_________—Gharacterisio@) ———~—S——S*dC<S bol [win ye [Max [Unt 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSS 
(Vas = 0, Ip = 50 mA) 





Zero Gate Voltage Drain Current 
(Vps = 28 V, Vas = 0) 
Gate-Source Leakage Current 
(Vas = 20 V, Vps = 0) 


ON CHARACTERISTICS (2) 


Drain-Source On-Voltage 
(Vas = 10 V, Ip =3.0 A) 


Common Source Power Gain (3) 
(Vpp = 28 Vde, Pout = 100 W, f = 400 MHz, Ipq = 200 mA) 


Drain Efficiency (3) 
(Vpp = 28 Vde, Pout = 100 W, f = 400 MHz, Ipq = 200 mA) 


Electrical Ruggedness (3) 
(Vpp = 28 Vde, Pout = 100 W, f = 400 MHz, Ipq = 200 mA, 
Load VSWR = 30:1, All Phase Angles At Frequency of Test) 


TYPICAL INPUT/OUTPUT DEVICE IMPEDANCES 
MRF177 


Series Equivalent Input Impedance Zin 
(Vpp = 28 V, Ipq = 200 mA, Pout = 100 W, f = 400 MHz) 

Series Equivalent Output Impedance Zout 
(Vpp = 28 V, Ipq = 200 mA, Poyt = 100 W, f = 400 MHz) 


No Degradation 
in Output Power 
Before & After Test 












MRF177M 


2.64 + j1.64 
3.15 + j0.05 





NOTES: : 


1. Note each transistor chip measured separately 
2. Both transistor chips operating in push-pull amplifier 
3. RF functional specification is the same for MRF177 & MRF177M 
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TYPICAL CHARACTERISTICS 


Pout, OUTPUT POWER (WATTS) 
Pout OUTPUT POWER (WATTS) 





Pin» INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 


Figure 1. Output Power versus Input Power Figure 2. Output Power versus Input Power 





f= 400 MHz Vps = 28V 
a _ Pin= CONSTANT —Ipq = 200 mA 
an n 
Ee B 
= = 
f a 
= 

2 2 
= 
e 2 
3 3 | 
a8 a | 

8 10 12 14 = 16 18 20 22 24 «426 8 =628— 30 : 5 +4 -3 -2 -1 0 1 2 3 4 5 | 

Vpp, SUPPLY VOLTAGE (VOLTS) Vgg, GATE-SOURCE VOLTAGE (VOLTS) 
Figure 3. Output Power versus Supply Voltage Figure 4. Output Power versus Gate Voltage 











— 
es t 
s e f= == 
S ul |__| 
3 25 = 
lo aa 
oO 
Ss =.2 _ 
ra) ~ |_| 
8 ene = 
2 @ Soar 
° |_| 
A A Se ee mm Learerel e 1] 
: a i sD ew Pe fas a C1 
0 4 8 12 16 20 24 28 a 2 46 10 20 4060 100 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 5. Capacitance versus Drain Voltage Figure 6. DC Safe Operating Area 
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RF 
1% => | OUTPUT 





Ci2 
MICROSTRIP DETAIL rad sari 
0.15” 0.15” 
.10” 0.10” 
0.45” 0.45” 
0.45” 0.45” 
0.10” 
0.15” 0.10”, 0.15” 
0.325” 0.325” 
C1,C12 1-10 pF JOHANSON OR EQUIVALENT D1 —_1N5347B, 20 Vde 
C2, C3, C5,C6,C10,C11 270 pF ATC 100 MIL CHIP CAP Lt 1-TURN NO. 18, 0.25”, 2-HOLE FERRITE BEAD 
, 1-20 pF L2 8-1/2 TURNS NO. 18, CLOSE WOUND .375” DIA. 
C7 36 pF CHIPCAP R1,R4,R5 10 kQ.@ 1/2 W RESISTOR 
C8 10 pF CHIP CAP R2 10 kQ, 10 TURN RESISTOR 
C13,C14 0.1 wFD @ 50 Vdc R3-2.0kQ @ 1/2 W RESISTOR 
C15,C18 10 wFD @ 50 Vde Ti 1-1/2, 50 2 COAX, .034” DIA. ON DUAL 0.5” FERRITE CORE 
Ci6 500 pF BUTTON T2 2.025 Q COAX, .075” DIA. 
C17 1000 pF UNCASED MICA T3 2.1710 Q COAX, .075” DIA. 
T4  4.0”50 Q COAX, .0865” DIA. 
BOARD — .0625”, Cu-Clad, Teflon Fiberglass, er = 2.55 
Figure 7. Test Circuit Electrical Schematic — MRF177 
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FERRITE BEAD G) C17 


i T 








C10 
RF 
INPUT RF 
14 TPUT 
ct cH =o 
C12 
MICROSTRIP DETAIL —0.225” 0.225” 
i 0.300” i 0.300” 
0.300” 0.300” 
0.225” 0.225” 
C1,C12 1-10 pF JOHANSON OR EQUIVALENT D1 1N5347B, 20 Vdc MOTOROLA ZENER 
C2,C3,C5,C6,C10,C11 270 pF ATC 100 MIL CHIP CAP Li 1-TURN NO. 18, 0.25”, 2-HOLE FERRITE BEAD 
C4,C9 1-20 pF L2 8-1/2 TURNS NO. 18, CLOSE WOUND .375” DIA. 
C7 36 pF CHIP CAP Ri,R4,R5 10kQ.@ 1/2 WRESISTOR 
C8 10 pF CHIP CAP R2 10k, 10 TURN RESISTOR 
C13,C14 0.1 wFD @ 50 Vde R3 2.02. @ 1/2 W RESISTOR 
C15,C18 10 FD @ 50 Vde T1 1-1/2 T,50 Q.COAX, .034” DIA. ON DUAL 0.5” FERRITE CORE 
C16 500 pF BUTTON T2 2.0725 Q COAX, .075” DIA. 
C17 1000 pF UNCASED MICA T3 2.1 10 QCOAX, 075” DIA. 
T4 4.0750 2. COAX, .0865” DIA. 
BOARD 0625”, Cu-Clad, Teflon Fiberglass, e, = 2.55 
Figure 8. Test Fixture Electrical Schematic — MRF177M 
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MICROSTRIP DETAIL 0.35” 
0.2” 0.15” 


0.25” 
0.2” 0.15" 
0.2" 0.275” 
0.25” 0.2” 
02” 0.15” “fone 
02” 0.15” 


0.25” 
0.35” 0.4” 
C1,C12 1-10 pF JOHANSON OR EQUIVALENT D1 1N5347B, 20 Vdc MOTOROLA ZENER 
C2, C3, C5, C6,C10,C11 270 pF ATC 100 MIL CHIP.CAP L11-TURN NO. 18, 0.25”, 2-HOLE FERRITE BEAD 
C4,C9 1-20 pF L2 8-1/2 TURNS NO. 18, CLOSE WOUND .375” DIA. 
C7 43 pF CHIP CAP L3 4-TURNS NO. 22, 1/8” DIA., 0.25” LONG 
C8 10 pF CHIPCAP Ri,R4,R5  10kQ@ 1/2WRESISTOR 
C13,C14 (0.1 wFD @ 50 Vde R2 10k, 10 TURN RESISTOR 
C15 500 pF BUTTON R3  2.0kQ @ 1/2 W RESISTOR 
C16 1000 pF UNCASED MICA Ti 1-1/2 T, 50. Q COAX, .034” DIA. ON DUAL 0.5” FERRITE CORE 
C17 10 wFD @ 50 Vde T2 2.0” 25 Q COAX, .075” DIA. 


T3 2.1” 10 2 COAX, .075” DIA. 
T4 4.0” 50 Q COAX, .0865” DIA. 
BOARD __ .0625”, Cu-Clad, Teflon Fiberglass, e, = 2.55 


Figure 9. Broadband Amplifier Schematic — MRF177M 





MRF177eMRF177M MOTOROLA RF DEVICE DATA 
2-270 





“Re RRR 





Figure 10. Test Fixture — MRF177 


MRF 177 7/23/91 





(Not to Scale) 


Figure 11. Photomaster for MRF177 Test Fixture 
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Figure 12. Test Fixture — MRF177M 


Wistan mee) CRR 11/15/91 





(Not to Scale) 


Figure 13 — Photomaster for MRF177M Test Fixture 
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MOTOROLA 
= SEMICONDUCTOR Sa 
TECHNICAL DATA 


Advance Information MRF182 
The RF MOSFET Line vecidh weacieabbias 
RF Power 

Field Effect Transistors 


30 W, 1.0 GHz, 28 VOLTS 
N-Channel Enhancement-Mode Lateral MOSFETs LATERAL N-CHANNEL 
BROADBAND RF POWER 
e High gain, rugged device MOSFET 
e Broadband performance from HF to 1 GHz. 
e Bottom side source eliminates DC isolators, reducing common 
mode inductances. 











MAXIMUM RATINGS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characteristics Symbot [win yp | Mex [Unt 
OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage 


V(BR)DSS Vde 
(V@s = 0, Ip = 1 mA) 
Zero Gate Voltage Drain Current 
Gate-Source Leakage Current pAdc 
(V@s = 20 V, Vps = 0) 


(continued) 








NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 


Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) . 


[_eharateriens——dY CSpot [in [te [Max [Ut 


ON CHARACTERISTICS 
Gate Threshold Voltage Va@sith) Vde 
(Vps = 10 V, Ip = 50 mA) 
Drain-Source On-Voltage : Vps(on) Vde 
(Vas = 10 V, Ip = 1A) 
Forward Transconductance 1.8 
(Vps = 10 V, Ip =3 A) 


DYNAMIC CHARACTERISTICS 


Input Capacitance Cisg pF 
(Vps = 28 V, Vas = 0, f = 1 MHz) 

Output Capacitance Coss 
(Vps = 28 V, Vas = 0, f = 1 MHz) 

Reverse Transfer Capacitance Crss 
(Vps = 28 V, Vas = 0, f = 1 MHz) 


FUNCTIONAL CHARACTERISTICS 


Common Source Power Gain 
(Vpp = 28 Vae, Pout = 30 W, Ipg = 50 mA, f= 1 GHz) 


Drain Efficiency 
(Vpp = 28 Vde, Pout = 30 W, Ipq = 50 mA, f = 1 GHz) 













Series Equivalent Input Impedance 
(Vpp = 28 Vde, Pout = 30 W, Ipq = 50 mA, f= 1 GHz) 
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TYPICAL CHARACTERISTICS 






Pag OUTPUT POWER (WATTS) 
8 





Pin, INPUT POWER (WATTS) Pout, OUTPUT POWER (WATTS) 
Figure 1. Output Power versus Figure 2. Power Gain versus 
input Power at 1 GHz Output Power at 1 GHz 





Tig, DRAIN EFFICIENCY (%) 





Pout, OUTPUT POWER (WATTS) 


Figure 3. Drain Efficiency versus 
Output Power at 1 GHz 
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MOTOROLA 


= SEMICONDUCTOR os 
TECHNICAL DATA 


Aavance Information MRF183 


The RF MOSFET Line Motorola Preferred Device 

RF Power 

Field Effect Transistors ano mk 

N-Channel Enhancement-Mode Lateral MOSFETs LATERAL N-CHANNEL . 
BROADBAND RF POWER 

e High gain, rugged device MOSFET 





e Broadband performance from HF to 1 GHz. 


e Bottom side source eliminates DC isolators, reducing common 
mode inductances. 





MAXIMUM RATINGS 


a 
On 
a 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





ee 
OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage V(BR)DSS Vde 
(Ves = 0, Ip = 1 mA) 

Zero Gate Voltage Drain Current mAdc 
(Vps = 28 V, Vas = 0) 

Gate-Source Leakage Current pAdc 
(V@s = 20 V, Vps = 0) 


(continued) 





NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 


packaging MOS devices should be observed. 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee ee 


ON CHARACTERISTICS 


Gate Threshold Voltage 
(Vps = 10 V, Ip = 75 mA) 


Drain-Source On-Voltage 
(Vas = 10 V, Ip = 1 A) 
Forward Transconductance 
(Vps = 10 V, Ip =3 A) 


DYNAMIC CHARACTERISTICS 


Input 
(Vps = 28 V, Vas = 0, f = 1 MHz) 


Output Capacitance 
(Vps = 28 V, Vas = 0, f = 1 MHz) 
Reverse Transfer Capacitance 
(Vps = 28 V, Veg = 0, f = 1 MHz) 


FUNCTIONAL CHARACTERISTICS 


Common Source Power Gain 
(Vpp = 28 Vdc, Pout = 45 W, Ipq = 75 mA, f = 1 GHz) 


Drain Efficiency 
(Vpp = 28 Vde, Pout = 45 W, Ipg = 75 mA, f= 1. GHz) 











Series Equivalent Input Impedance 

(Vpp = 28 Vde, Pout = 45 W, Ipg = 75 mA, f = 1 GHz) 
Series Equivalent Output Impedance 

(Vpp = 28 Vde, Pout = 45 W, Ipg = 75 mA, f = 1 GHz) 
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Pout OUTPUT POWER (WATTS) 


MRF183 
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TYPICAL CHARACTERISTICS 


oe 


Gpg, POWER GAIN (dB) 





0 10 20 30 40 50 60 
Pin, INPUT POWER (WATTS) Poyt, OUTPUT POWER (WATTS) 
Figure 1. Output Power versus Figure 2. Power Gain versus 
Input Power at 1 GHz Output Power at 1 GHz 


Tq» DRAIN EFFICIENCY (%) 





Pout, OUTPUT POWER (WATTS) 


Figure 3. Drain Efficiency versus 
Output Power at 1 GHz 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistor 


. . . designed primarily for use in the high-gain, low-noise small-signal amplifiers 


for operation up to 3.5 GHz. Also usable in applications requiring fast switching SURFACE MOUNT 

times. HIGH-FREQUENCY 
; TRANSISTOR 

e High Current-Gain-Bandwidth Product — NPN SILICON 


fr = 5.5 GHz (Typ) @ Ic = 40 mAdc 
e Low Noise Figure @ f = 1.0 GHz — 
NF (matched) = 1.8 dB (Typ) 
e High Power Gain — 
Gpe (matched) = 13 dB (Typ) 


e Surface Mount SOT-143 Offers Improved RF Performance 
Lower Package Parasitics 
Higher Gain 


e Higher Voltage Version of MRF5711LT1 
e Electrically Similar to NEC NE 02133 








CASE 318A, STYLE 1 
LOW PROFILE 





MAXIMUM RATINGS 


Collector-Emitter Voltage 


Total Device Dissipation @ Ta = 25°C ‘ 
Derate above 25°C 


Total Device Dissipation @ Tc = 75°C (1) 
Derate above 75°C. 


Maximum Junction Temperature 


Thermal Resistance, Junction to Case 
DEVICE MARKING 


MRF0211LT1 = 15 


NOTE: 
1. Case Temperature is measured on the collector lead where it first contacts the printed circuit board closest to the package. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Charest i Smbotwine[we[O 
OFF CHARACTERISTICS . 

[Coloctorniter Breakdown Volage (p= T@mAdGe=0) | Vanoco | _7@ | _— | — | 
| CatectorBase Breakdown Voge (g=07 made c=) | Veryeso | # | — | — | ve 
[EniorSas Bratdow Vlage =S0uAGio=0) | Vaneno | 28 | — | — | ve 
[ catocor uot CurenWea=teveee=0 | leo | - | = | | oe _| 


IcBo 
ON CHARACTERISTICS 












[Do cureniGan(io=somaievor=sovey «| se] ® | —- | © | — | 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance Figure 1 Cob 0.7 1.0 
(VcB = 10 Vde, IE = 0, f = 1.0 MHz) 

Current Gain — Bandwidth Product Figure 7 ff 
(VCE = 10 Vde, Ic = 40 mA, f = 1.0 GHz) 


FUNCTIONAL TESTS 












Gain at Noise Figure (Tuned) Figure 4 
(VcE = 10 Vde, Ic = 5.0 mAdc) f=0.5 GHz 


GNFmin 
f= 1.0 GHz 
Noise Figure (Tuned) Figure 4 
(VCE = 10 Vde, Ic = 5.0 mAdc) t=0.5 GHz 0.9 
f= 1.0 GHz 1.8 
f= 2.0 GHz 3.0 


Power Gain in 50 2 System Figure 2 GNF 
(VCE = 10 Vde, Ic = 5.0 mA, f = 1.0 GHz) 
Noise Figure in 50 Q System Figure 2 NF 2.7 
(VCE = 10 Vde, Ic = 5.0 mA, f = 1.0 GHz) 
Insertion Gain 
(VCE = 10 Vde, Ic = 25 mA, f = 1.0 GHz) 
Maximum Unilateral Gain Gumax 15.5 
(VCE = 10 Vde, Ic = 25 mA, f = 1.0 GHz) 


TYPICAL CHARACTERISTICS 



























30 
bs ol VcE = 6 Vde = CIRCUIT = HP11608A 








Io= A = 5 
& 24 ee oe 4 
8 3S 
= SB glens  e a Z 
= Zz SY fo} 
5 3 va : 
s 
3 6 —— i 
ieee ae eek Em 2 ae Be, 
seis a aa ee 0 
Veb, COLLECTOR-BASE VOLTAGE (VOLTS) , , f, FREQUENCY (GHz) 
Figure 1. Device Capacitances versus Voltage Figure 2. Gain and Noise Figure versus Frequency 
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VcoE = 6 Vde 





a *MICROLAB “MICROLAB/FXR 
HW-XXN SF —11N <1 GHz 
AS APPLICABLE SF —31N > 1 GHz 


Figure 3. Functional Circuit Schematic 









30 5 25 5 
a7 Ps! mae 
Su 4 8 2 4 
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ee a ed ee es Be 28 ue | 3 
an a oe Boch | 28 
z ae ae es eel 2 
a * are) ¥ 
% 6 |__| +——+ 1 e 5 SEE 1 
a i a a a oa ce (Oe ne (Se eae es EF 
| aa ie a a ae a fe i 
f, eases (GHz) cg, COLLECTOR CURRENT (mA) 
Figure 4. Gain at Noise Figure and Noise Figure Figure 5. Gain at Noise Figure and Noise Figure 
versus Frequency versus Collector Current 


: Soil? 
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a ee ee ee 
R . 0.5 


0 
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f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 
Figure 6. Unilateral-Gain and Insertion Gain Figure 7. Gain-Bandwidth Product versus 
versus Frequency Collector Current 
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Table 1. Common Emitter S-Parameters 


ce SSS 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


... designed for 12.5 Volt VHF large-signal power amplifier applications 


required in commercial and industrial equipment operating to VHF frequencies. 40 W, 175 MHz 
e Specified 12.5 Volt, 175 MHz Characteristics — RF POWER 
Output Power = 40 W TRANSISTOR 


Power Gain = 4.5 dB Min NPN SILICON 
Efficiency = 70% Min 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (2) 
Derate above 25°C 





CASE 211-07, STYLE 1 





Emitter-Base Breakdown Voltage (IE = 10 mAdc, Ic = 0) 
Collector Cutoff Current (VcE = 15 Vdc, VBE = 0, Tc = +55°C) 
Collector Cutoff Current (Vcop = 15 Vde, IE = 0) 

ON CHARACTERISTICS 


DC Current Gain ; hee 
(Ic = 1.0 Adc, Vog = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 170 pF 
(Vc = 15 Vde, Ie = 0, f = 0.1 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Pout = 40 W, Voc = 12.5 Vde, f = 175 MHz) 








Collector Efficiency n 70 % 
(Pout = 40 W, Vcc = 12.5 Vde, f = 175 MHz) 


NOTES: 
1. For repeated assembly use 5 in. Ib. 
2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
amplifiers. 
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C1, C2, C3, C4 — 5.0-80 pF ARCO 462 

L1 — Straight Wire, #14 AWG, 1-3/8” Long 

L2— 1 Turn, #14 AWG, 3/8” ID, Length Plus Leads = 1” 
RFC — VK200-20/4B, FERROXCUBE 


Figure 1. 175 MHz Test Circuit 


Pout , OUTPUT POWER (WATTS) 
Pout , OUTPUT POWER (WATTS) 





6 8 1 12 14 #16 18 « 20 9 0 1415 
Pin, INPUT POWER (WATTS) ve SUPPLY VOLTAGE Wags 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Supply Voltage 
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WAVE] 
0-49 9 aor 






Zo. taebdat. 1 
130 MHz * H 
coer 
LH 


2.88 +0.00 

2.88 +0.00 

2.88 +0.60 

2.85 +1.20 

2.85 +1.52 

1.00 +1.60 | 2.85 +1.70 

~~: PTR PR Rr™ 

~Zo_* = Conjugate of the optimum load impedance into which the device output 


operates at a given output power, voltage and frequency. 








Figure 4. Series Equivalent Impedance 
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MOTOROLA 


= SEMICONDUCTOR Sa 
TECHNICAL DATA 


The RF Line 
NPN Silicon sales a 


RF Power Transistors 


. .. designed for 13.6 volt VHF large-signal class C and class AB linear power 
amplifier applications in commercial and industrial equipment. 


e High Common Emitter Power Gain 
e Specified 13.6 V, 160 MHz Performance: TRANSISTORS 
Output Power = 40 Watts NPN SILICON 
Power Gain = 9.0 dB Min 
Efficiency = 55% Min 
Load Mismatch Capability at Rated Voltage and RF Drive 
Silicon Nitride Passivated 


Low Intermodulation Distortion, dg = —30 dB Typ 


40 W, 145-175 MHz 
RF POWER 





MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C. 


CASE 145A-09, STYLE 1 
Storage Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic 





ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[SC Rharaterisie «<b [win [We [Max Unt 
OFF CHARACTERISTICS 









Collector-Emitter Breakdown Voltage 


V(BR)CEO Vde 

(I¢ = 20 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 20 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 5.0 mAds, Ic = 0) 

Collector Cutoff Current IcBO 
(VcB = 15 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain m 
(Ic = 4.0 Adc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS , 


Output Capacitance Cob 
(Vos = 12.5 Vde, IE = 0, f = 1.0 MHz) 


NOTES: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 10 
(Voc = 18.6 Vdc, Pout = 40 W, f = 160 MHz) 
Collector Efficiency n % 
(Voc = 13.6 Vde, Pout = 40 W, f = 160 MHz) 


TYPICAL SSB PERFORMANCE 


Intermodulation Distortion (3) IMD (dg) 
(Voc = 13.6 Vde, Pout = 35 W (PEP), f1 = 146 MHz, 
2 = 146.002 MHz, Icq = 50 mAdc) 


NOTE: 
3. To MIL-STD-1311 Version A, Test Method 2204B, Two Tone, Reference Each Tone. 












RF 
INPUT 





C1 — 200 pF, 350 Vdc, UNELCO C10, C11 — 680 pF ALLEN BRADLEY Feedthru L3— 1.2.x 0.6 cm Brass Pad 
C2 — 100 pF, 360 Vdc, UNELCO RFC1 — 0.15 wH Molded Choke L4— 1.2.x 0.6. cm Brass Pad and 
C3 — 40 pF, 350 Vdc, UNELCO RFC2— 10 Tums, #18 AWG on 470 Ohm, 2.0 x 0.2 cm AIRLINE Inductor 
C4, C5 — 80 pF, 350 Vdc, UNELCO 1.0 Watt Resistor Board — G10, e, = 5, t = 62 mils 

C6 — 1.0-—20 pF, ARCO Trimmer Bead — FERROXCUBE Bead 2 sided, 2 oz. Clad 

C7 — 100 pF 350 Vdc, UNELCO RFC3 — FERROXCUBE Choke, VK200-4B : 

C8 —0.1 uF ERIE Disc Ceramic L1 — 3.3 x 0.2 cm AIRLINE Inductor Connectors: Type N 

C9— 1.0 pF TANTALUM L2— 1.0 x 0.2 cm AIRLINE Inductor 


Figure 1. 160 MHz Test Circuit Schematic 
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Figure 3. Output Power versus Input Power 


Figure 2. Power Gain versus Frequency 
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Figure 4. Output Power versus Supply Voltage 








| 
a 
= 175 MHz 


f 





FECAL 
PTT TT AT 
SSRREREE) 


ene abd Indino‘ mg 


es Sony VOLTAGE (VOLTS) 


Figure 6. Output Power versus Supply Voltage 
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MOTOROLA RF DEVICE DATA | 


Zou" 
Ohms 


1.0+j0.5 | 2.8 + j0.3 
0.98 + j0.6 | 2.7+ j0.4 
0.98 + j0.7_ | 2.6 + j0.5 





Operates at a given output power, 
voltage, and frequency. 





Figure 7. Series Equivalent Input/Output Impedances 
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MOTOROLA 
= SEMICONDUCTOR 2x 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


... designed for 12.5 Volt VHF large-signal amplifier applications in industrial 75 W, 175 MHz 

and commercial FM equipment operating to 175 MHz. CONTROLLED Q 

e Specified 12.5 Volt, 175 MHz Characteristics — RF POWER 
Output Power = 75 Watts : TRANSISTOR 





Power Gain = 7.0 dB Min NEN SILICON 
Efficiency = 55% Min 
e Characterized With Series Equivalent Large-Signal Impedance Parameters 


e Internal Matching Network Optimized for Minimum Gain Frequency Slope 
Response Over the Range 136 to 175 MHz . 


e Load Mismatch Capability at Rated Poyt and Supply Voltage 


CASE 316-01, STYLE 1 





MAXIMUM RATINGS 


ed a ee 
Collector-Emitter Voltage | vcco |B 
Collector-Base Voltage ae ae 
Emitter-Base Voltage | 4 
Collector Current — Peak Pits J me 


18 Vv 
Ve 
Ve 
Ic 20 A 
Total Device Dissipation @ Tc = 25°C (1) fee ee 
Derate above 25°C 1.43 wre 
Storage Temperature Range | Teg =| -85t0+150 | 


THERMAL CHARACTERISTICS 


de 
‘de 
‘de 
de 
°C 





Characteristic 


Thermal Resistance, Junction to Case (2) Rec 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


eee ES ee eh ee 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 

(I¢ = 100 mAde, Ip = 0) : 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 

(Ic = 50 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 

(ig = 10 mAdc, Ic = 0) 
NOTES: (continued) 


1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 


0.7 °C/W 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Sharacteriatig [Symbol [in tye Mex Tonk 


ON CHARACTERISTICS 


DC Current Gain 





(ic = 5.0 Ade, VoE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vcp = 15 Vde, I = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS ; 
Common-Emitter Amplifier Power Gain GpE 7.0 
(Voc = 12.5 Vde, Pout = 75 Watts, f = 175 MHz) 
. Collector Efficiency n % 
(Voc = 12.5 Vde, Pout = 75 Watts, f = 175 MHz) 


Load Mismatch ; y 


(Vcc = 12.5 Vde, Pout = 75 Watts, f= 175 MHz, No Degradation in Output Power 
VSWR = 30:1 All Phase Angles) 














Fa (a 
_ 100 14 
e alls teal cdl 
& 80 2 10 
: rit 
2 i 8 
© ot YZ | Lee 
p=) 
= oo} ALA & 6 
‘= we 
6 {Afro | | ti | tt og, 
Bg WZi | | ads) Neoeey SRB RME 
40 2 Voc = 12.5 V 
ARES e eae ee Sy 
4 6 8 10 #12 #14 «616 618 )©6©6©.2006(22 430 140 150 160 170 180 
Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 1. Output Power versus Input Power. Figure 2. Power Gain versus Frequency 
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Pout, OUTPUT POWER (WATTS) 


*Poyt, OUTPUT POWER (WATTS) 


MRF247 
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10 Wl 12 13 14 15 16 17 
Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 3. Output Power versus Supply Voltage 
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Figure 5. Output Power versus Supply Voltage 


Pout, OUTPUT POWER (WATTS) 





9 0 iW #42 #41 «2414 ~°+115 +16 417 
Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 4. Output Power versus Supply Voltage 
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Py 
or 136 | 057+) 1.07 1.13 +] 0.65 
150 | 0.55 +] 1.13 1.13 +] 0.73 


175 





0.57 + j 1.92 0.87 +j 1.13 








ZOL* = Conjugate of the optimum load 
impedance into which the device 
operates at a given output power, 
voltage, and frequency. 


IR RRO] 


Figure 6. Series Equivalent Impedances 





MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistor 


es designed for wideband amplifier, driver or oscillator applications in military, 


mobile, and aircraft radio. Pea pelea - 
e Specified 28 Volt, 400 MHz Characteristics — TRANSISTOR 
Output Power = 1.0 Watt NPN SILICON 


Power Gain = 15 dB Min 

Efficiency = 45% Typ 
e Emitter Ballast and Low Current Density for Improved MTBF 
e Common Emitter for Improved Stability 





aX 


CASE 305A, STYLE 1 





MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range } oc | 





THERMAL CHARACTERISTICS 


[SC haracteriatie SSS*d:CS mbt Mx 
Thermal Resistance, Junction to Case ReJc 28.5 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characters «| Svmbot [in| We [we [unt | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 10 mAdc, Ip = 0) V(BR)CEO 


Collector-Emitter Breakdown Voltage (Ic = 5.0 mAdc, VBE = 0) V(BR)CES 


Coliector-Base Breakdown Voltage (ic = 0.1 mAdc, IE = 0) V(BR)CBO 


Emitter-Base Breakdown Voltage (Ie = 1.0 mAdc, Ic = 0) V(BR)EBO ao Ses 
Collector Cutoff Current (VCE = 20 Vde, Ip = 0) ICEO a 


ON CHARACTERISTICS 
[ Be Curent Gain(g=100mAce.Vor=10ve) ——=«ds=sie [| | | Tid 
(continued) 
MOTOROLA RF DEVICE DATA MRF313 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Charani Sambo [Wn [Meru 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 100 mAde, VcE = 20 Vde, f = 200 MHz) 


Output Capacitance 
(Vc = 28 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain (1) 
(Voc = 28 Vde, Pout = 1.0 W, f = 400 MHz) 


Collector Efficiency 
(VCC = 28 Vde, Pout = 1.0 W, f = 400 MHz) 


Series Equivalent Input Impedance 
(Voc = 28 Vde, Pout = 1.0 W, f= 400 MHz) 


Series Equivalent Output Impedance 
(Voc = 28 Vde, Poyt = 1.0 W, f = 400 MHz) 


NOTE: 
1. Class C 








RF OUTPUT 





C1, C2, C4 — 1.0—20 pF JOHANSON 9063 L1, L8 — 5 Turns, AWG #20, 1/4” 1.D. R — 4.7 Ohms, 1/4 W 
C3 — 1.0-10 pF JOHANSON L2— Ferrite Bead, FERROXCUBE Z1 — 2.0” x 0.1” MICROSTRIP LINE 
C5 — 150 pF Chip No. 56-590-65/4B 22, Z3 — 2.6” x 0.1” MICROSTRIP LINE 


C6 — 0.1 pF L4— FERROXCUBE VK200-20/4B 





C7, C8 — 680 pF Feedthru Input/Output Connectors — Type N 
C9 — 1.0 uF TANTALUM Board — Glass Teflon, ¢ = 2.56, t = 0.062” 
Figure 1. 400 MHz Power Gain Test Circuit 
MRF313 MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR Sa 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistors 


. .. designed primarily for wideband large-signal driver and output amplifier 


stages in the 30—200 MHz frequency range. 30 eeagee Me 
e Guaranteed Performance at 150 MHz, 28 Vdc TRANSISTORS . 


Output Power = 30 Watts NPN SILICON 
Minimum Gain = 10 dB 


e 100% Tested for Load Mismatch at All Phase Angles with 30:1 VSWR 
e Gold Metallization System for High Reliability Applications 





MAXIMUM RATINGS 





CASE 211-07, STYLE 1 





THERMAL CHARACTERISTICS 


[ Characteriatio SS CSymbot [Max Unt 
Thermal Resistance, Junction to Case Reuc ee ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[_______Characierioio———S—~«dCCSS mbt win Te [Me [Un 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 30 mAdc, Ip = 0) 


Coliector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 30 mAdc, VBE = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 30 mAds, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 
(le = 3.0 mAde, Ic = 0) 

Collector Cutoff Current 
(VcB = 30 Vde, IE = 0) 


ON CHARACTERISTICS 
DC Current Gain hee 20 
(Ic = 1.5 Adc, VCE = 5.0 Vdc) 
NOTE: (continued) 
1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
amplifiers. 
MOTOROLA RF DEVICE DATA MRF314 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[acters Somborne | Mar [Unk 


DYNAMIC CHARACTERISTICS 





FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 30 W, f = 150 MHz) 


Collector Efficiency 


(Voc = 28 Vde, Pout = 30 W, f = 150 MHz) 


Load Mismatch 


(Voc = 28 Vde, Pout = 30 W, f = 150 MHz, 
VSWR = 30:1 all phase angles) 


MRF314 
2-296 


C1, C7 — 18 pF, 100 mil ATC 
C2 — 68 pF, 100 mil ATC 

C3, C6 — Johanson #JMC 5501 
C4 — 270 pF, 100 mil ATC 

C5 — 240 pF, 100 mil ATC 

C8, C9 — 100 pF Underwood 
C10 — 1.0 pF Tantalum 


Li — 2 Turns, 2.5” #20 Wire, ID = 0.275” 


Output Capacitance Cob pF 
(VcB = 30 Vde, IE = 0, f = 1.0 MHz) 


No Degradation in Power Output 





R1, R2— 109, 1.0W 

RFC1 — 15 »H Molded Coil 

RFC2 — 2 Turns, 2.5” #20 Wire, ID = 0.2” 
RFC3 — Ferroxcube VK200-19/4B 

Z1 — Microstrip, 0.168” W x 1.6” L 

22 — Microstrip, 0.168” W x 1.2”L 


Board — Glass Teflon e, = 2.55 


Figure 1. 150 MHz Test Circuit 





MOTOROLA RF DEVICE DATA 


TYPICAL PERFORMANCE CURVES 


30 
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3 AA Aol 
i 10 627-40) x le 
5 HAZ eer 8 
3 A LM ome TTS a 


Ko WA | LA promme || | TIT 
An AA 261 Sal 


Pin, INPUT POWER was Pin, INPUT POWER (WATTS) 





oun 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 













1), EFFICIENCY (%) 
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GpE, COMMON EMITTER POWER GAIN (dB) 
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f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 4. Power Gain versus Frequency Figure 5. Efficiency versus Frequency 
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Zo.* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


Figure 6. Series Equivalent Input/Output Impedance 
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Figure 7. Test Fixture 
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MOTOROLA 


= SEMICONDUCTOR Sn 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistors 


. .. designed primarily for wideband large-signal output amplifier stages in the 


30 to 200 MHz frequency range. a py anata 
e Guaranteed Performance at 150 MHz, 28 Vde TRANSISTORS 
Output Power = 45 Watts NPN SILICON 


Minimum Gain = 9.0 dB 
e 100% Tested for Load Mismatch at All Phase Angles with 30:1 VSWR 
e Gold Metallization System for High Reliability Applications 





MAXIMUM RATINGS 
[fang | Sr 
Yea0 





Collector Current — Continuous 


Total Device Dissipation @ To = 25°C (1) 
Derate above 25°C 





THERMAL CHARACTERISTICS 


[characterise Svmbot [Wax [Unit | cae ea are 
Thermal Resistance, Junction to Case °CwW 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless othemise noted.) 





a eee, Se ee ee ee ee 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 40 mAds, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 40 mAdc, VBE = 0) 


Collector-Base Breakdown Voltage 


(Ic = 40 Ade, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 4.0 mAde, Ic = 0) 


Collector Cutoff Current 
(Vos = 30 Vde, IE = 0) 








ON CHARACTERISTICS . 
DC Current Gain 
(Ic = 2.0 Adc, VcgE = 5.0 Vdc) 
NOTE: (continued) 
1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
amplifiers. 
MOTOROLA RF DEVICE DATA MRF315 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Characins Sion | min [MCU 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(VcB = 30 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 45 W, f = 150 MHz) 


Collector Efficiency 
(Voc = 28 Vde, Pout = 45 W, f = 150 MHz) 


Load Mismatch 
(Voc = 28 Vde, Pout = 45 W, f = 150 MHz, No Degradation in Power Output 
VSWR = 30:1 all phase angles) 





C1 — 30 pF, 100 mil ATC L1— 0.5” #18 Wire 
C2 — 47 pF, 100 mil ATC L2— 2 Turns, 1.5” #20 Wire, ID = 0.15” 
C3, C7 — Johanson #JMC 5501 Ri, R2—10 Q, 1.0W 


C4, C5 — 200 pF, 100 mil ATC 


C6 — 24 pF, 100 mil ATC RFC1 — 15 wH Molded Coil 


F RFC2 — 2 Turns, 2.5” #18 Wire, ID = 0.2” 
C8 — 27 pF, 100 mil ATC z : 
C9, C10 — 100 pF Underwood RFC3 — Ferroxcube VK200-19/4B 


C11 — 1.0 pF Tantalum Z1, Z2 — Microstrip 0.168” W x 1.25” L 
Board — Glass Teflon e, = 2.55 


Figure 1. 150 MHz Test Circuit 
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TYPICAL PERFORMANCE CURVES 
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Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 

s 
Zz 
S 
g 
& = 
i ra) 
wi = 
3 ib 
g 
= 6 

20 60 100 140 180 220 20 60 140 180 220 

f, FREQUENCY (MHz) f, Sapa (MHz) 
Figure 4. Power Gain versus Frequency Figure 5. Efficiency versus Frequency 
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Z0.* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


Figure 6. Series Equivalent Input/Output Impedance 
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Figure 7. Test Fixture 
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MOTOROLA 
= SEMICONDUCTOR 2 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


... designed primarily for wideband large-signal output amplifier stages in the 


30-200 MHz frequency range. 80 W, 3.0-200 MHz 

e Guaranteed Performance at 150 MHz, 28 Vdc CONTROLLED “Q” 
Output Power = 80 Watts BROADBAND RF POWER 
Minimum Gain = 10 dB TRANSISTOR 


NPN SILICON 





e Built-In Matching Network for Broadband Operation 
e 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
e Gold Metatlization System for High Reliability Applications 


MAXIMUM RATINGS 


ee 
[caleordasevotags ‘| Veno |__| Ve 
[Eniierdase ge ———————*d| eno [40 ee 








Collector Current — Continuous Io 9.0 Adc 
Peak 13.5 





Total Device Dissipation @ To = 25°C (1) 220 Watts 
Derate above 25°C 1.26 WrC 
THERMAL CHARACTERISTICS 
a 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Rae eat ee 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 35 Vde 
(Ic = 50 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 65 Vde 
(Ic = 50 mAdc, VBE = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ig = 50 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current IcBOo mAdc 
(VcB = 30 Vde, IE = 0) 













ON CHARACTERISTICS 
DC Current Gain hre 
(Ic = 4.0 Adc, Vcg = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vop = 28 Vde, IE = 0, f = 1.0 MHz) 





NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Characerito—SSembot in|] mex CU 


NARROW BAND FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 80 W, f = 150 MHz) 
Collector Efficiency n % 
(Voc = 28 Vdc, Pout = 80 W, f = 150 MHz) 


Load Mismatch y 
(Voc = 28 Vdc, Poyt = 80 W CW, f= 150 MHz, 
VSWR = 30:1 all phase angles) 












No Degradation in Output Power 








RF 
OUTPUT 
C1 — 22 pF 100 mil ATC L1 — 0.8”, #20 Wire 
C2, C3— 24 pF 100 mil ATC L2— 1.0”, #20 Wire 
C4, Ccii— 0.8—20 pF JMC. #5501 Johanson RFC1, RFC4 — 0.15 pH Molded Coil 
C5 — 200 pF 100 mil ATC RFC2, RFC3 — Ferroxcube Bead 56-590-65-3B 
C6 — 240 pF 100 mil ATC RFC5 — 2.5”, #20 Wire, 1.5 Turns 
a oc poirey hepserad RFC6 — Ferroxcube VK200-19/4B 
— 0.1 pF Erie 
C9, C10, C12 — 30 pF 100 mil ATC Siete se ee 
C13 — 1.0 uF Tantalum »AS— 10.9, 1, 
Figure 1. 150 MHz Test Amplifier 
MRF316 MOTOROLA PF DEVICE DATA 
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TYPICAL PERFORMANCE CURVES 
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Figure 7. Series Equivalent Input-Output Impedance 





















































Figure 8. Test Fixture 
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TAROT X KAZ X \ 
operates at a given output power, voltage and frequency. 








MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR ox 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


. .. designed primarily for wideband large-signal output amplifier stages in 


30-200 MHz frequency range. 100 W, 30-200 MHz 
CONTROLLED Q 
e Guaranteed Resonance at 150 MHz, 28 Vdc BROADBAND RF POWER 
Output Power = 100 W TRANSISTOR 
Minimum Gain = 9.0 dB 


NPN SILICON 





e Built-In Matching Network for Broadband Operation 
e¢ 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
¢ Gold Metallization System for High Reliability 


e High Output Saturation Power — Ideally Suited for 30 W Carrier/120 W 
Peak AM Amplifier Service 


e Guaranteed Performance in Broadband Test Fixture 


MAXIMUM RATINGS 
es oe 
Ve80 
Yes 


Collector Current — Continuous Ic 
— Peak (10 seconds) 
Total Device Dissipation @ Tc = 25°C (1) 270 Watts 
Derate above 25°C 1.54 wre 


THERMAL CHARACTERISTICS 
[aris Sit [ea 
[Thermal Rosine anoiontotase——=—SCSC~“‘“‘~*~“‘“~*wrTCS RSC 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Characins —*Y «Sb [tin ex [Ut 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc, Ip = 0) 












Adc 


anes 
a 
p40 | 





CASE 316-01, STYLE 1 





Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc, Vee = 0) 


Collector-Base Breakdown Voltage 
(Ic = 100 mad, IE = 0) 


Emitter-Base Breakdown Voltage 
(lg = 10 mAde, Ic = 0) 


Collector Cutoff Current 
(Vc = 30 Vde, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain NFE 
(Ig = 5.0 Ade, Vo = 5.0 Vde) 


NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Character «Stor in| Mex [Un 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vcp = 28 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 2) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 100 W, f = 150 MHz, Ic (Max) = 6.5 Adc) 


Collector Efficiency 
(Voc = 28 Vde, Pout = 100 W, f = 150 MHz, Io (Max) = 6.5 Adc) 
v 


Load Mismatch 
(Voc = 28 Vde, Pout = 100 W CW, f = 150 MHz, No Degradation in Output Power 


VSWR = 30:1 all phase angles) 





6 Inches 
15.24 cm 




















Figure 1. Broadband (110-160 MHz) Test Fixture 
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O DC +28 Vde 


Cto 
(—< AF OUTPUT 


bad od 


C1 


RF INPUT 
ul 





C1, C9 — 39 pF, 100 mil ATC C11 — 60 pF, Underwood RFC1 — 0.15 pH Molded Coil 

C2 — 120 pF, 100 mil ATC C12 — 0.1 uF Erie Redcap RFC2, RFC3 — Ferroxcube Bead 56-590-65/3B 
C3, C4 — 360 pF, 100 mil ATC C13 — 1000 pF, Underwood J102 RFC4 — 1 Turn, #18 Wire, 2.0” L 

C5 — 1000 pF Dipped Mica L1— 50 nH RFC5 — Ferroxcube VK200 19/4B 

C6, C7 — 100 pF, 100 mil ATC* L2— 6.0 nH RFC6 — 7 Turns, #18 Wire, 0.3” ID 

C8 — 18 pF, 100 mil ATC* L3— 8.0 nH R1—1021/2W 

C10 — 43 pF, 100 mil ATC L4— 32 nH R2, R8— 102 1.0W 


*Combination of C6, C7, C8 equals 220 pF. 
Figure 2. 110-160 MHz Broadband Amplifier — Test Fixture Schematic 
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gs 2 
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20 
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f, FREQUENCY (MHz) f, mete (MHz) 
Figure 3. Power Gain versus Frequency Figure 4. Efficiency versus Frequency 
Broadband Test Fixture Broadband Test Fixture 
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Figure 5. Input VSWR versus Frequency Figure 6. Output Power versus Input Power 
Broadband Test Fixture 
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TYPICAL PERFORMANCE CURVES 
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Figure 7. Power Gain versus Frequency Figure 8. Power Output versus Supply Voltage 
i esa Ga Re a ae a a ee ee ee ee ee 
eer a ae (a oer ne ae en 
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a. oa 
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3 40 = 
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20 
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Voc, SUPPLY VOLTAGE (VOLTS) Voc, SUPPLY VOLTAGE (VOLTS) 
Figure 9. Power Output versus Supply Voltage Figure 10. Power Output versus Supply Voltage 
10 “j18 
0.3+)0.7 
0.3 +10 
0.6 +j1.3 
1.0 +j1.5 
" 0.9 +j1.0 
! A= 80 Miz - EL Veg = 28 V, Pout = 100W > % 0 
ZoL* = = Conjugate of the optimum load impedance into which the device output operates 
at a given output power, voltage, and frequency. 
Figure 11. Series Equivalent Input-Output Impedance 
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MOTOROLA 
= SEMICONDUCTOR 2 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


. .. designed primarily for wideband large-signal driver and predriver amplifier 


stages in 200-500 MHz frequency range. a lh baie 
e Guaranteed Performance at 400 MHz, 28 Vde TRANSISTOR 


Output Power = 10 Watts NPN SILICON 
Power Gain = 12 dB Min 
Efficiency = 50% Min 
e 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
e Gold Metallization System for High Reliability 
e Computer-Controlled Wirebonding Gives Consistent Input Impedance 





MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector-Base Voltage 





Emitter-Base Voltage 


Collector Current — Continuous 
— Peak 


Total Device Dissipation @ Ta = 25°C (1) 
Derate above 25°C 

CASE 244, STYLE 1 

Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic [Symbol [Max | unit 
Thermal Resistance, Junction to Case Rec a ee eee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characins ————SSSS—*d;SCSmbo win |e | Mex [Oe 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 20 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 20 mAdc, VBE = 0) 





Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 20 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 2.0 mAde, Ic = 0) 
Collector Cutoff Current IcBO mAdc 
(Vop = 30 Ve, IE = 0) 
ON CHARACTERISTICS 
DC Current Gain hrE 20 
(Ic = 500 mA, VcE = 5.0 Vdc) 
NOTE: (continued) 


1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 12 pF 
(Vcp = 28 Vdc, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 10 W, f = 400 MHz) 


Collector Efficiency 


(Voc = 28 Vde, Pout = 10.W, f = 400 MHz) 


Load Mismatch 
(Voc = 28 Vdc, Pout = 10 W, f = 400 MHz, 
VSWR = 30:1 all phase angles) 


Sas 
O O-O O-O O+ 
5V - 28V 
Di R42 cg T Cto le “T ja ae 
= = =. — L3 = = = = = 
ul c8 RF 
OUTPUT 
DUT, 
RF on rr [Vr 
input 2 | zt te 2 Khe L2 
C5 C6 C7 
or] C2 C3 C4 

C1, C2, C3 — 1.0—20 pF Johanson Trimmer (JMC 5501) L3 — 6 Turns #20 Enamel, 1/4” ID 
C3, C4 — 47 pF ATC Chip Capacitor L4 — Ferroxcube VK200-19/4B 
C5, C10 — 0.1 pF Erie Redcap R1 —5.1Q, 1/4 Watt 
C7 — 0.5—10 pF Johanson Trimmer (JMC 5201) R2— 120 Q, 1.0 Watt 
C8 — 0.018 wF Vitramon Chip Capacitor R83 — 20 ©, 1/2 Watt 
C9 — 200 pF UNELCO Capacitor R4 — 47 ©, 1/2 Watt 
C11, C12 — 680 pF Feedthru ae te 

Z1 — Microstrip 0.1” W x 1.35” L 

13 — 1.0 uF, I : ; 
C13 — 1.0 pF, 50 Volt Tantalum Capacitor 22 — Microstrip 0.1” W x 0.55" L 
D1 — 1N4001 Z3 — Microstrip 0.1” W x 0.8” L 
L1 — 0.33 nH Molded Choke with Ferroxcube Bead Z4 — Microstrip 0.1” W x 1.75” L 
(Ferroxcube 56-590-65/4B) on Ground End of Coil Board — Glass Teflon, ep = 2.56, t= 0.062” 
L2— 4 Turns #20 E , 1/8” 1D 
Une fan Enamel As Input/Output Connectors — Type N 
Figure 1. 400 MHz Test Circuit Schematic 
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Figure 2. Output Power versus Frequency Figure 3. Output Power versus Input Power 
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Pout, OUTPUT POWER (WATTS) 






Gpe, COMMON EMITTER AMPLIFIER 
POWER GAIN (dB) 












PY Os GAS a i ( 
ae a 
P) (ees a (ee (eo) (A Fe Os ae 
oe ee a el ee : 
5 | a Re Ce 
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Voc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 4. Output Power versus Supply Voltage Figure 5. Power Gain versus Frequency 
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f = 200 MHz 

















IN 
Duc T iy 
(40) 
C oo 
w 
«<p 5 
<P 

nv 
m 
wW 
200 | 0.68 - j0.75 14.2 - j22 a 
400 0.89 + j2.7 9.8 - j14.4 a 
500 | 1.3 + j4.3 9.3 - ji3 > 

Zi 10 
ro) 
m 
i o) 
\ g 
~ 8 

< 16 
Zz 
Zo A 

Fares 
Sip 

~~] 20 
° 
f = 200 MHz » 
8 

Z 425 

Zo* = Conjugate of the optimum load impedance into which the tev output operates at a given output power, voltage and frequency. 
Figure 6. Series Equivalent Impedance 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


. .. designed primarily for wideband large-signal driver and predriver amplifier 


stages in the 200—500 MHz frequency range. ee eomen 
e Guaranteed Performance at 400 MHz, 28 V TRANSISTOR 


Output Power = 20 Watts NPN SILICON 
Power Gain = 10 dB Min 
Efficiency = 50% Min 
e 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
e Gold Metallization System for High Reliability 
e Computer-Controlled Wirebonding Gives Consistent Input Impedance 





MAXIMUM RATINGS 


Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO 





Derate above 25°C 


Storage Temperature Range —65 to +150 


THERMAL CHARACTERISTICS 


Characteristic [Symbol [Max | unit 
Thermal Resistance, Junction to Case Resc ee ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


eae... eee eS. ee ee 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 20 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 20 mAdc, VBE = 0) 


Collector Current —- Continuous Io 22 Adc 
— Peak ‘ 3.0 


Total Device Dissipation @ Tc = 25°C (1) 55 Watts 
310 mwrc 
CASE 244, STYLE 1 








Collector-Base Breakdown Voltage V(BR)CBO Vde 
(ig = 20 mAdg, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 2.0 mAdc, Ic = 0) 
Collector Cutoff Current IcBO 
(Vop = 30 Vde, IE = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 1.0 Adc, Vog = 5.0 Vdc) 
NOTE: j (continued) 


1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


DYNAMIC CHARACTERISTICS 


PResctivinienoresoms | TL TO 
(Vos = 28 Vde, IE = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 


ont cae (ae aes 










Collector Efficiency 
(Voc = 28 Vde, Pout = 20 W, f = 400 MHz) 


Load Mismatch v 
(Voc = 28 Vdc, Pout = 20 W, f = 400 MHz, No Degradation in Output Power 
VSWR = 30:1 all phase angles) 







RF OUTPUT 





C1, C2, C6 — 1.0—20 pF Johanson Trimmer (JMC 5501) L2—6 Tums #20 Enamel, 1/4” ID, Closewound 
C3, C4 — 47 pF ATC Chip Capacitor L3 — 4 Turns #20 Enamel, 1/8” ID, Closewound 
C5, C8 — 0.1 pF Erie Redcap L4 — Ferroxcube VK200-19/4B 
C7 — 0.5-10 pF Johanson Trimmer (JMC 5201) Rit — 5.1 Q 1/4 Watt 
C9, C10 — 680 pF Feedthru Z1 — Microstrip 0.1” W x 1.35” L 
C11 — 1.0 pF 50 Volt Tantalum Z2 — Microstrip 0.1” W x 0.55” L 
C12 — 0.018 pF Vitramon Chip Capacitor Z3 — Microstrip 0.1” W x 0.8” L 
L1 — 0.33 1H Molded Choke with Ferroxcube Bead 24 — Microstrip 0.1” W x 1.75” L 
(Ferroxcube 56-590-65/4B) on Ground End Board — Glass Teflon ey = 2.56, t = 0.062” 


Input/Output Connectors — Type N 


Figure 1. 400 MHz Test Circuit Schematic 
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Figure 2. Output Power versus Frequency 
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Figure 4. Output Power versus Supply Voltage 
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Pout OUTPUT POWER (WATTS) 


Gpe, COMMON EMITTER AMPLIFIER 


POWER GAIN (dB) 


Pin, INPUT. POWER (WATTS) 
Figure 3. Output Power versus Input Power 
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Figure 5. Power Gain versus Frequency 
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Figure 6. Series Equivalent Impedance 
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MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


. .. designed primarily for wideband large-signal output and driver amplifier 30 W, 225 to 400 MHz 

Stages in 100 to 500 MHz frequency range. CONTROLLED “Q” 

« Specified 28 Volt, 400 MHz Characteristics — BROADBAND RF POWER 
Output Power = 30 Watts THANSIS TO 


Minimum Gain = 8.5 dB bison 
Efficiency = 54% (Min) 
¢ Built-in Matching Network for Broadband Operation Using Internal Match- 
ing Techniques 
e 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
¢ Gold Metallization for High Reliability Applications 





MAXIMUM RATINGS 
Cian —————*d;CS i 
[GateaorEniervotage | Veco | 8 | ve | 
[Catecor Base ago ‘| vono | | vee | 
[EnitorSasootage + Veso | 40 | vee | 


Collector Current — Continuous 
— Peak 
Total Device Dissipation @ To = 25°C (1) 82 Watts 
Derate above 25°C 0.47 wre 
°C 


Sirage Tomporture Range [tag [sees | o_| 









[Waive [ni 





3|& 


CASE 316-01, STYLE 1 





THERMAL CHARACTERISTICS 
Se 
[ThomalRessance sonciontoGase——SSCSC*~C~‘“‘“*~*~*‘~*~*drC~SY et C*dYC 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless othemise noted.) 
[harass i «Symbot [in| We | Moe Un 
OFF CHARACTERISTICS 









Collector-Emitter Breakdown Voltage 


V(BR)CEO Vae 
(i¢ = 30 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 30 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vae 
(IE = 3.0 mAde, ic = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 30 mAdc, IE = 0) 
Collector Cutoff Current IcBo 
(Vcp = 30 Va, Ie = 0) 











ON CHARACTERISTICS 
DC Current Gain 
(Ic = 1.5 Ade, VcE = 5.0 Vde) 
NOTE: (continued) 


1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) . 


ee 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vop = 28 Ve, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 
(Voc = 28 Vdc, Pout = 30 W, f = 400 MHz) 
Collector Efficiency ; % 
(Voc = 28 Vde, Pot = 30 W, f = 400 MHz) 


Load Mismatch y 
(Voc = 28 Vdc, Pout = 30 W, f = 400 MHz, No Degradation in Output Power 
VSWR = 30:1 all angles) : 











O+ Voc 
28 Vde 
RF 
OUTPUT 
Ci, C9 — 1.0—10 pF Johanson Capacitor (JMC 5201) L2— 14 Turns, #22 AWG Enameled, Closewound on a 470 Q, 
C2, C3, C6, C7 — 1.0-20 pF Johanson Capacitor (JMC 5501) 2.0 Wait Resistor with Ferroxcube Bead (#56-590-65/4B) 
C4, C5 — 36 pF ATC 100-mil Chip Capacitor on Cold End of L2 
C8 — 100 pF UNELCO L3 — Ferroxcube VK200-19/4B Ferrite Choke 
C10, C13 — 1.0 pF 50 V Tantalum Z1 — Microstrip 0.19” W x 0.88” L 
C11, C14 — 680 pF Feedthru Z2 — Microstrip 0.28” W x 1.0” L 
Ci2— 0.1 pF Erie Redcap Z3 — Microstrip 0.31” W x 1.25” L 
L1 — 8 Tums #26 AWG Enameled, 1/16” ID Closewound Board — Glass Teflon ey = 2.56, t= 0.062” 
with Ferroxcube Bead (#56-590-65/4B) on Ground End Input/Output Connectors — Type N 
DUT Socket Lead Frame Etched from 80-mil-Thick Copper 
Figure 1. 400 MHz Test Circuit 
MRF325 MOTOROLA RF DEVICE DATA 


2-320 











@ 49 L LS 

g aie ee eee ee 
= apt | teze5meiz | doom || 
5 

bE 

x 20 

5 

° 

2 10 


Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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4.9 -j6.5 
5.6 - j2.4 





Zox* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


Figure 5. Series Equivalent Impedance 
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MOTOROLA 
m= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


. .. designed primarily for wideband large-signal output amplifier stages in the 


100 to 500 MHz frequency range. 40 W, 225 to 400 MHz 
e Guaranteed Performance @ 400 MHz, 28 Vdc CONTROLLED “Q” 
Output Power = 40 Watts BROADBAND RF POWER 


Minimum Gain = 9.0 dB 
e Built-in Matching Network for Broadband Operation 
e 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
e Gold Metallization System for High Reliability Applications 








MAXIMUM RATINGS 
[Rating ‘Symbol [Value [unit | 
[GatecorEnitervotege | -voro | == | vee | 
[ CatesiorSasevotage «| ‘Von | oO ‘| Wee 

Emitter-Base Voltage . 

Collector Current — Continuous 

— Peak 
Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 

THERMAL CHARACTERISTICS 
[SSC racteinto SS SSSSC«d;CSoembor ‘| Max 
[ Thermal Resistance, JunciontoGase SCC PCC 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[ haracterstic «YT «SSymbot [in [typ (| Max ‘| unit | 
OFF CHARACTERISTICS 











Collector-Emitter Breakdown Voltage V(BR)CEO =e 
(ic = 40 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 40 mAdc, Vee = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 

(IE = 4.0 mAde, Ic = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ig = 40 mAdg, Ie = 0) 

Collector Cutoff Current ICBO 
(Vcp = 30 Vde, IE = 0) 








ON CHARACTERISTICS 
DC Current Gain 
(Ic = 2.0 Adc, Vog = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob pF 
(Vcp = 28 Vae, Ig = 0, f = 1.0 MHz) 
NOTE: (continued) 


1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[__——«CSharactrinto i <Symbor wim] Max CU 


FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain "1 
(Voc = 28 Vde, Pout = 40 W, f = 400 MHz, Io Max = 2.85 Adc) 
Collector Efficiency % 
(Voc = 28 Vde, Pout = 40 W, f = 400 MHz, Ic Max = 2.85 Adc) 
v 


Load Mismatch 
(Voc = 28 Vdc, Pout = 40 W CW, f = 400 MHz, No Degradation in Output Power 
VSWR = 30:1 All Phase Angles) 





RF 
INPUT 





C1 — 1.0-10 pF Johanson, Capacitor (JMC 5201) L3 — 8 Turns #20 AWG Enameled, 1/4” ID Closewound 
C2, C3, C6, C8 — 1.0—20 pF Johanson Capacitor L4— 4 Turns #26 AWG 0.1” 1D 

C4, C5 — 36 pF ATC “B” Style Chip Capacitor R1 — 10 Ohm 2.0 W Carbon 

C7, C9, C13 — 100 pF UNELCO Capacitor R2, R3 — 10 Ohm 1.0 W Carbon 

C11 — 680 pF Feedthru Z1 — Microstrip 0.19” W x 1.28” L 

C10 — 1.0 pF 50 V Tantalum Z2 — Microstrip 0.28” W x 1.0” L 

C12 — 0.1 wF Erie Redcap Z3 — Microstrip 0.31” W x 1.0”L 

L1— 8 Turns #26 AWG Enameled, 1/16” ID Closewound 24 — Microstrip 0.31” W x 0.9” L 

L2, L5 — Ferroxcube VK200-19/4B Ferrite Choke Board — Glass Teflon e; = 2.56 t = 0.062” 


Input/Output Connectors — Type N UG58 A/U 


Figure 1. 400 MHz Test Amplifier 
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Voc, SUPPLY VOLTAGE (VOLTS) 
Figure 3. Output Power versus Supply Voltage 


Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Supply Voltage 
f = 400 MHz 
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ZoL* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


Figure 5. Series Equivalent Input-Output Impedance 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


. .. designed primarily for wideband large-signal output amplifier stages in the 
100 to 500 MHz frequency range. 


80 W, 100 to 500 MHz 





e Guaranteed Performance @ 400 MHz, 28 Vdc CONTROLLED “Q” 
Output Power = 80 Watts over 225 to 400 MHz Band BROADBAND RF POWER 
Minimum Gain = 7.3 dB @ 400 MHz TRANSISTOR 

e Built-In Matching Network for Broadband Operation Using Double Match NPN SILICON 

Technique 


¢ 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
e Gold Metallization System for High Reliability Applications 
e Characterized for 100 to 500 MHz 


MAXIMUM RATINGS 









Collector Current — Continuous 
— Peak 









Total Device Dissipation @ To = 25°C (1) 250 
Derate above 25°C 1.43 wre CASE 316-01, STYLE 1 
Storage Temperature Range —65 to +150 
THERMAL CHARACTERISTICS 


Symbol [Max [| _Unit_—| 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





[Characters «dC Sambo “|i |e [Mee | Ut 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 80 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 80 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 8.0 mAdc, Ic = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 80 mAdc, Ic = 0) 

Collector Cutoff Current ICBO mAdc 
(VcB = 30 Vde, IE = 0) 

ON CHARACTERISTICS 


[oc Gwent Gan to=40Acaver=soved ——=«d|swe | = | — | » | — 1 


DYNAMIC CHARACTERISTICS 
Output Capacitance 








(Vc = 28 Vde, IE = 0, f = 1.0 MHz) 


NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


SS 


FUNCTIONAL TESTS (Figure 1) 
Common-Emitter Amplifier Power Gain 7.3 
(Voc = 28 Vde, Pout = 80 W, f = 400 MHz) 
Collector Efficiency n %% 
(Voc = 28 Vde, Pout = 80 W, f = 400 MHz) 
y 


Load Mismatch 


(Voc = 28 Vde, Pout = 80 W, f = 400 MHz, No Degradation in Output Power 
VSWR = 30:1 All Phase Angles) 





C1, C2, C7, C8, C9 — 1.0—20 pF Piston Trimmer (Johanson JMC 5501) L4— 6 Turns #20 AWG Enameled, 3/16” ID Closewound 
C3, C4 — 36 pF ATC 100 mil Chip Capacitor L5 — 4 Turns #22 AWG Enameled, 1/8” ID Closewound 
C5, C6 — 43 pF ATC 100 mil Chip Capacitor 21 — Microstrip 0.2” W x 1.5” L 

C10 — 100 pF UNELCO Z2 — Microstrip 0.17” W x 1.16” L 

C11, C15 — 0.1 wF Erie Redcap Z3 — Microstrip 0.17” W x 0.63” L 

C12, C13 — 680 pF Feedthru R1, R2—~ 10 Q2 2.0 Watt 

C14 — 1.0 pF 50 V Tantalum Board — Glass Teflon ey = 2.56, t = 0.062” 

L1— 4 Turns #22 AWG Enameled, 3/16” ID Closewound with Ferroxcube Input/Output Connectors Type N 


Bead (#56-590-65/4B) on Ground End of Coil 
L2 — Ferroxcube VK200-19/4B Ferrite Choke 
L38—7 Turns #18 AWG, 11/16” Long, Wound on a 100 kQ 2.0 Watt Resistor 


DUT Socket Lead Frame Etched from 80-mil-Thick Copper 


Figure 1. 400 MHz Test Circuit 
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Figure 2. Power Gain versus Frequency Figure 3. Output Power versus Frequency 
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Figure 6. Output Power versus Input Power 
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Zou* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 
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Figure 7. Series Equivalent Input-Output Impedance 





MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR x 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


... designed primarily for wideband large-signal output and driver amplifier 100 W, 100 to 500 MHz 

stages in the 100 to 500 MHz frequency range. CONTROLLED “Q” 

e Specified 28 Volt, 400 MHz Characteristics — BROADBAND as 
Output Power = 100 Watts TRANSIS 





Minimum Gain = 7.0 dB NSE 
Efficiency = 50% (Min) 
e Built-In Matching Network for Broadband Operation Using Double Match 
Technique 
e¢ 100% Tested for Load Mismatch at all Phase Angles with 3:1 VSWR 
¢ Gold Metallization System for High Reliability 





MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 
— Peak 





THERMAL CHARACTERISTICS 


[SSC haractisto—SSSCSC*dSC bo eC 
Thermal Resistance, Junction to Case (2) | Rac [| 06 ~~ | °C/W 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

[earacteissc «dbo in tome [ne 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 80 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 80 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 8.0 mAd, Ic = 0) 


NOTES: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


SB 


OFF CHARACTERISTICS (continued) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 80 mAde, IE = 0) 
Collector Cutoff Current IcBo 
(VcB = 30 Vde, IE = 0) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 4.0 Adc, Vog = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(VcB = 28 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 100 W, f = 400 MHz) 


Collector Efficiency n 
(Voc = 28 Vde, Pout = 100 W, f = 400 MHz) 
Load Mismatch y 

(Voc = 28 Vdc, Poyt = 100 W, f = 400 MHz, No Degradation in Output Powe 
VSWR = 3:1 all angles) : : 














r E 











RF OUTPUT 
C1, C2, C7, C9 — 1.0-20 pF Johanson (JMC 5501) L1— 0.15 pH Molded Choke with Ferrite Bead 
C3, C4 — 36 pF 100 mil Chip Cap (ATC) (Ferroxcube #56-590-65/4B) on Ground End 
C5, C6 — 50 pF 100 mil Chip Cap (ATC) L2— 4 Turns #18 AWG, 1/4” ID 
C8 — 30 pF 100 mil Chip Cap (ATC) L3 — Ferroxcube VK200-19/4B 
C10 — 2.0-—150 pF 100 mil Chip Caps in Parallel (ATC) Z1 — Microstrip Line 2300 mils L x 210 mils W 
a oes so eet Penge ed Z2— Microstrip Line 2300 mils L x 280 mils W 
5 - p ‘eedthru ° 
C14—0.1 pF Erie Redcap Board — Glass Teflon, t = 0.062”, er = 2.56 
Figure 1. 400 MHz Test Circuit 
MRF329 : MOTOROLA RF DEVICE DATA 
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Pout» POWER OUTPUT (WATTS) 
Pout, POWER OUTPUT (WATTS) 





Pig, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 


Pout» POWER OUTPUT (WATTS) 
Pout, POWER OUTPUT (WATTS) 





Voc, SUPPLY VOLTAGE (VOLTS) Vcc, SUPPLY VOLTAGE (VOLTS) 
Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage 


GpE, POWER GAIN (dB) 





f, FREQUENCY (MHz) 
Figure 6. Power Gain versus Frequency 
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ZoL* = Conjugate of the optimum load impedance into which the device 
operates at a given output power, voltage, and.frequency. 


100 


0.55 + j0.40 
0.60 + [1.40 
1.00 + j2.15 
1.50 + j2.20 
1.85 + 1.70 





Figure 7. Series Equivalent Input/Output impedance 





Figure 8. Test Fixture 





MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR oR 
TECHNICAL DATA 


The RF Line 
NPN Silicon Push-Pull 
RF Power Transistor 


. .. designed primarily for wideband large-signal output and driver amplifier 125 W, 30 to 500 MHz 

Stages in the 30 to 500 MHz frequency range. CONTROLLED “Q” 

e Specified 28 Volt, 400 MHz Characteristics — BROADBAND PUSH-PULL 
Output Power = 125 W RF POWER TRANSISTOR 


Typical Gain = 10 dB NPN SILICON 
Efficiency = 55% (Typ) 


e Built-In Input Impedance Matching Networks for Broadband Operation 
e Push-Pull Configuration Reduces Even Numbered Harmonics 
e Gold Metallization System for High Reliability 
e 100% Tested for Load Mismatch 
SSF 
I 2 
6 l 
5,8 | ! 1,4 2 
mH 
| 3 CASE 744A, STYLE 1 
lors ood 


The MRF392 is two transistors in a single package with separate base and collector leads 
and emitters common. This arrangement provides the designer with a space saving 
device capable of operation in a push-pull configuration. 








PUSH-PULL TRANSISTORS 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 





Storage Temperature Range 





THERMAL CHARACTERISTICS 


a 
Thermal Resistance, Junction to Case Reuc pF 5 °C 








NOTE: 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF push-pull 
amplifier. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[_haracterst ————*dC Seb [into ex [Ut 
OFF CHARACTERISTICS (1) 

[ ColoanrEnitor Sean voago(ig=eonAmse=0 _[Venezo[ ® [_— | — |_| 
[Gotesor nite Beakion Vtape(g=80mAds Vee =O) _|Veanoes | 6 | — | — | ve _| 
[EnitorSas Breakdown volago(ie=50nAcio=0) _|Weaneo | 20 | — |= | ve _| 
| Csteser Cac Curent Vea=s0Veeie=0) + _teao |---| #0 | maw_| 


ON CHARACTERISTICS (1) 


DYNAMIC CHARACTERISTICS (1) 


[Oxi Sapacince Noa 28veo ea ia1ome@ [ee | - | _* | 7 | + _| 


FUNCTIONAL TESTS (2) — See Figure 1 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 125 W, f = 400 MHz) 


Collector Efficiency 
(Voc = 28 Vde, Pout = 125 W, f = 400 MHz) 


Load Mismatch 
(Voc = 28 Vde, Pout = 125 W, f = 400 MHz, ; No Degradation in Output Power 
VSWR = 30:1, all phase angles) 


NOTES: 
1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. 















Bi 





C1ez7R CI7AR C18 o1azR 

C1, C2 — 240 pF, 100 Mil Chip Cap (ATC) or Equivalent B1 — Balun, 50 Q Semi-Rigid Coaxial Cable 86 Mil OD, 2” L 
C3 — 3.6 pF, 100 Mil Chip Cap (ATC) or Equivalent B2 — Balun, 50 Q Semi-Rigid Coaxial Cable 86 Mil OD, 2” L 
C4, C8 — 8.2 pF, 100 Mil Chip Cap (ATC) or Equivalent Zi— Microstrip Line 270 Mil L x 125 Mil W 

C5, C6 — 20 PF, 100 Mil Chip Cap (ATC) or Equivalent Z2— Microstrip Line 375 Mil L x 125 Mil W 

Gee Dr Mine Uabico or Eauivetant ; Z3 — Microstrip Line 280 Mil L x 125 Mil W 

C9, C10 — 270 pF, 100 Mil Chip Cap (ATC) or Equivalent Z4 — Microstrip Line 300 Mil L x 125 Mil W 

C11, C12, C16, C17 — 470 pF 100 Mil Chip Cap (ATC) or Equivalent Z5 — Microstrip Line 350 Mil L x 125 Mil W 

ca a5 on oe ais coh eee 26 — Microstrip Line 365 Mil L x 125 Mil W 

. —0. cap or n , 
C15 — 20 pF, ee Sere apees Board Material — 0.0625” Teflon Fiberglass e, = 2.5 + 0.05 1 oz. Cu. 


CLAD, Double Sided 
L1, L2 — 0.15 wH Molded Choke With Ferrite Bead 


L3, L4 — 2-1/2 Turns #20 AWG, 0.200 ID 
L5, L6 — 3-1/2 Turns #18 AWG, 0.200 ID 


Figure 1. 400 MHz Test Fixture 
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Pout, OUTPUT POWER (WATTS) 







Pout, OUTPUT POWER (WATTS) 
8 





: 0 2 4 6 8 10 12 14 «16 «18 = 20 
Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 


Pout, OUTPUT POWER (WATTS) 


Pout OUTPUT POWER (WATTS) 





%6 12 14~—«(«16 
Voc, SUPPLY VOLTAGE (VOLTS) Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage 


































0.72-+j0.44 |9.0 —j6.0 

0.72 + 2.62 |5.2—j1.8 

3.88 + j5.72 |3.6-+j0.53 

3.844j28 |3.2+j12 
28 1.26 + j3.01 | 3.0 + j2.0 

* tas ZOL* = Conjugate of the optimum load impedance 

Le Sa é 5 age into which the device output operates at a : 
oo ra fa ! : ae oe ac atop given output power, voltage and frequency. a ae 
















Figure 6. Series Equivalent Input/Output Impedance 
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SCALE 0.75:1 


Figure 7. Test Circuit Photomaster 





Figure 8. 400 MHz Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
NPN Silicon Push-Pull 
RF Power Transistor 


-.. designed primarily for wideband large-signal output and driver amplifier 100 W, 30 to 500 MHz 

stages in the 30 to 500 MHz frequency range. CONTROLLED “Q” 

e Specified 28 Volt, 500 MHz Characteristics — BROADBAND PUSH-PULL 
Output Power = 100 W RF POWER TRANSISTOR 
Typical Gain = 9.5 dB (Class AB); 8.5 dB (Class C) NPN SILICON 





Efficiency = 55% (Typ) 
e Built-In Input Impedance Matching Networks for Broadband Operation 
e Push-Pull Configuration Reduces Even Numbered Harmonics 
e Gold Metallization System for High Reliability 
e 100% Tested for Load Mismatch 


aa RE 


| aera aa ari | 
5,8 1,4 


| | 
f | 





3 CASE 744A, STYLE 1 
L———d4 





The MRF393 is two transistors in a single package with separate base and collector leads 
and emitters common. This arrangement provides the designer with a space saving 
device capable of operation in a push-pull configuration. 


PUSH-PULL TRANSISTORS 


MAXIMUM RATINGS 








THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Resc | 5 °C 





NOTE: 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF push-pull 
amplifier. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Caractere =i «Symbot | in We [Mee ut 
OFF CHARACTERISTICS (1) 


 coacorrierraown votage(o=Sbnass 6-0) ——[Weaee [=] = 
Collector-Emitter Breakdown Voltage (Ig = 50 mAdc, VBE = 0) lverjces{ 6 [| — [| — [vac | 
EnterSaeGrasaown vag ie= 50a 6-0 | Wpmneso.| #0 | =| = | vor] 
[caecoroaa Curent op=s0Ves =a) | te0 [=| =] 50 ana] 


ON CHARACTERISTICS (1) 


[Be Curent anion 10 Ade Vor=sove) sds ] — .  [ 1 


DYNAMIC CHARACTERISTICS (1) 
[Oui Capactance Wop=28 Vee ie=OTatOwR [Cw | — | * | 78 | 
FUNCTIONAL TESTS (2) — See Figure 1 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vde, Pout = 100 W, f = 500 MHz) 








Collector Efficiency 


(Voc = 28 Vde, Pout = 100 W, f = 500 MHz) 


Load Mismatch 
(Voc = 28 Vde, Pout = 100 W, f = 500 MHz, 
VSWR = 30:1, all phase angles) 


NOTES: 
1. Each transistor chip measured separately. 
2. Both transistor chips operating in push-pull amplifier. 








1 oe 


i Rea Tt C16 


C1, C2, C7, C8 — 240 pF 100 mil Chip Cap L1, L2 — 0.15 1H Molded Choke with Ferrite Bead 
C3 — 15 pF 100 mil Chip Cap L3, L4 — 2-1/2 Turns #20 AWG 0.200” ID 
C4 — 24 pF 100 mil Chip Cap L5, L6 — 3-1/2 Turns #18 AWG 0.200” ID 
oa ee oe Cap B1, B2 — Balun 50 © Semi Rigid Coax, 86 mil OD, 2” Long 
ere ee Cece Z1, Z2 — 850 mil Long x 125 mil W. Microstrip 
C9, C13 — 1000 pF 100 mil Chip Cap redid hl 
_ Z3, Z4 — 200 mil Long x 125 mil W. Microstrip 
C10, C14 — 680 pF Feedthru Cap 26 0 mil 125 mil W. Mi : 
C11, C15 — 0.1 uF Ceramic Disc Cap 25, Z6 — 800 mil Long x 125 mil W. Microstrip 
C12, C16 — 50 pF 50 V Board Material — 0.0325” Teflon-Fiberglass, er = 2.56, 


1 oz. Copper Clad both sides. 


Figure 1. 500 MHz Test Fixture 
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Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 





0 2 4 6 8 1 12 14 #16 18 20 
Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 
CLASS C 








Pout. OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 





Voc, SUPPLY VOLTAGE (VOLTS) Voc, SUPPLY VOLTAGE (VOLTS) | 
CC: CC: 





Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage 







into which the device output operates at a 
given output power, voltage and frequency. 
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Pout, OUTPUT POWER (WATTS) 
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ger [o=209] 500 | 480 + (30 | 29+ j12 a rT a | 
Pin, INPUT POWER (WATTS) 
Figure 6. Series Equivalent Input/Output Figure 7. Class AB Output Power versus 
Impedance Input Power 
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SCALE 0.75:1 


Figure 8. Test Circuit Photomaster 











Figure 9. 500 MHz Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR So 


TECHNICAL DATA 


The RF Line 

NPN Silicon 

RF Power Transistor 

. .. designed primarily for application as a high-power linear amplifier from 2.0 


to 30 MHz. 


e Specified 12.5 Volt, 30 MHz Characteristics — 
Output Power = 100 W (PEP) 
Minimum Gain = 10 dB 
Efficiency = 40% 


e Intermodulation Distortion @ 100 W (PEP) — 
IMD = —30 dB (Min) 


¢ 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 
Withstand Current — 10s 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


100 W (PEP), 30 MHz 
RF POWER 
TRANSISTORS 
NPN SILICON 





Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





[charactors «Semorina [Ue 
OFF CHARACTERISTICS 












Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, Ip = 0) 








MOTOROLA RF DEVICE DATA 


enco] | — [| — | | 
Collector-Emitter Breakdown Voltage (Ic = 200 mAdc, VpE = 0) Fverces [ 4 [| — | — | vac | 
Collector-Base Breakdown Voltage (Ic = 200 mAde, IE = 0) |Verycao | 4 | — | — | Vdc | 
[EniterSaseSreaidown Volage(e=FOmade.ic-0 | venveso | 90 | — | — | ve _| 


Collector Cutoff Current (VcE = 16 Vdc, VBE = 0, To = 25°C) ICES PF = | = f to | made | 






(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Gharaceristo Sumbot [win [Moron 


ON CHARACTERISTICS 


DC Current Gain 
(ig = 5.0 Ade, Vog = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 800 
(Vcp = 12.5 Vde, IE = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
| (Voc = 12.5 Vde, Pout = 100 W, Ic(max) = 10 Ade, 
Icq = 150 mAde, f = 30, 30.001 MHz) 


Collector Efficiency 
: (Vcc = 12.5 Vde, Pout = 100 W, Ic¢(max) = 10 Ade, 
Icq = 150 mA, f = 30, 30.001 MHz) 


intermodulation Distortion (1) 
(VCE = 12.5 Vde, Pout = 100 W, Ic = 10 Adc, 
Ioq = 150 mA, f = 30, 30.001 MHz) 


NOTE: 
1. To proposed EIA method of measurement. Reference peak envelope power. 





RF 
INPUT 





C1, C2, C4 — 170-780 pF, ARCO 469 R2— 10 Q, 1.0 Watt Carbon 
C3 — 80-480 pF, ARCO 466 CR1 — 1N4997 

C5, C7, C10 — ERIE 0.1 uF, 100 V ; Li —3 Turns, #16 Wire, 5/16” I.D., 5/16” Long 

C6 — MALLORY 500 uF @ 15 V Electrolytic L2 — 12 Tums, #16 Enameled Wire Closewound, 1/4” |.D. 
C9 — 100 pF, 15 V Electrolytic L3— 1-3/4 Turns, 1/8” Tubing, 3/8” I.D., 3/8” Long 

C8 — 1000 pF, 350 V UNDERWOOD L4 — 10 pH Molded Choke 

Ri — 10 2, 25 Watt Wirewound _ L510 Ferrite Beads — FERROXCUBE #56-590-65/3B 


Figure 1. 30 MHz Test Circuit Schematic 
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Icq = 150 mA 
TWO TONE TEST: 
f = 30, 30.001 MHz 


Pout, OUTPUT POWER (WATTS PEP) 


Pin, INPUT POWER (WATTS PEP) 


Figure 2. Output Power versus Input Power 


Gp, POWER GAIN (dB) 


Voc = 12.5 V 
Ioq = 150 mA 
Pout = 100 W PEP 


{, FREQUENCY (MHz) 


Figure 4. Power Gain versus Frequency 


Ic, COLLECTOR CURRENT (AMP) 


a 
FA mien : 
ie 


a ee ace vege Ga 


Figure 6. DC Safe Operating Area 


MOTOROLA RF DEVICE DATA 











Pout, OUTPUT POWER (WATTS PEP) 


IMD, INTERMODULATION DISTORTION (dB) 


IMD =—30 dB 
icq = 150 mA 
f = 30, 30.001 MHz 





Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 3. Output Power versus Supply Voltage 


Voc = 12.5 V 
icq = 150 mA 
f = 30, 30.001 MHz 





Pout aren See (WATTS PEP) 


Figure 5. Intermodulation Distortion 
versus Output Power 
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Figure 7. Series Equivalent Impedance 
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Cout, PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE (pF) 


MRF421 
2-346 





{, FREQUENCY (MHz) 


Figure 8. Output Capacitance versus Frequency 
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f, FREQUENCY (MHz) 


Figure 9. Output Resistance versus Frequency 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR oe 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


. .. designed primarily for applications as a high-power linear amplifier from 2.0 


to 30 MHz. 150 i" Added MHz 
e Specified 28 Volt, 30 MHz Characteristics — TRANSISTORS 


Output Power = 150 W (PEP) NPN SILICON 
Minimum Gain = 10 dB 
Efficiency = 40% 
e intermodulation Distortion @ 150 W (PEP) — 
IMD = —30 dB (Min) 
e 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 














MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 
SO 
Fao [08 | ow _| 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
ee 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 200 mAdc, Ip = 0) V(BR)CEO a ee ee 
Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, VBE = 0) verjces | 8 | — [| — | Vac | 


Ic 
Collector-Base Breakdown Voltage (Ic = 100 mAdc, IE = 0) V(BR)CBO de 
Emitter-Base Breakdown Voltage (le = 10 mAdc, Ic = 0) V(BR)EBO 
Collector Cutoff Current (VcE = 28 Vde, VE = 0, Tc = 25°C) IcES 





(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Charani Sambo [win [eae 


ON CHARACTERISTICS 
DC Current Gain hee 10 
(Ic = 5.0 Adc, Vcg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vop = 28 Vdc, IE = 0, f= 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 28 Vdc, Pout = 150 W (PEP), Ic(max) = 6.7 Ade, 
Ioq = 150 mAdc, f = 30, 30.001 MHz) 


Coltector Efficiency 
(Vcc = 28 Vde, Pout = 150 W (PEP), Ic(max) = 6. 7 bie 
Ioq = 150 mAdc, f = 30, 30.001 MHz) 


Intermodulation Distortion (1) 
(VCE = 28 Ve, Poyt = 150 W (PEP), Ic = 6.7 Ade, 
ICQ = 150 mAde, f = 30, 30.001 MHz) 


Output Power 
(VCE = 28 Vde, f = 30 MHz) 


NOTE: 
1. To Mil-Std-1311 Version A, Test Method 2204, Two Tone, Reference each Tone. 











C1, C2, C3, C5 — 170-680 pF, ARCO 469 L1— 3 Turns, #16 Wire, 5/16” 1.D., 5/16” Long 

C4 — 80-480 pF, ARCO 466 L2 — 10 4H Molded Choke 

Cé6, C8, C11 — ERIE 0.1 pF, 100 V L3 — 12 Turns, #16 Enameled Wire, Close Wound, 1/4” Dia. 
C7 — MALLORY 500 uF, 15 V Electrolytic L4—5 Turns, 1/8” Copper Tubing 

C9 — UNDERWOOD 1000 pF, 350 V L5 — 10 Ferrite Beads — FERROXCUBE #56-590-65/3B 


C10 — 10 nF, 50 V Electrolytic 
Ri — 10 Q, 25 Watt Wire Wound 
R2— 10 Q, 1.0 Watt Carbon 
CR1— 1N4997 


Figure 1. 30 MHz Test Circuit Schematic 
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Figure 2. Output Power versus Input Power Figure 3. Power Gain versus Frequency 
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Voc, SUPPLY VOLTAGE (VOLTS) Pout, OUTPUT POWER (WATTS PEP) 
Figure 4. Linear Output Power versus Figure 5. Intermodulation Distortion 
Supply Voltage versus Output Power 5 
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f, enue (MHz) 


f, FREQUENCY (MHz) 


Figure 8. Output Resistance versus Frequency 


Figure 9. Output Capacitance versus Frequency 


MOTOROLA RF DEVICE DATA 


MRF422 
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MOTOROLA 


m= SEMICONDUCTOR ss 
TECHNICAL DATA 


The RF Line MRF426 
NPN Silicon 
RF Power Transistor 


. .. designed for high gain driver and output linear amplifier stages in 1.5 to 


30 MHz HF/SSB equipment. 25 phi aha 
¢ Specified 28 Volt, 30 MHz Characteristics — TRANSISTOR 


Output Power = 25 W (PEP) NPN SILICON 
Minimum Gain = 22 dB 
Efficiency = 35% 
e Intermodulation Distortion @ 25 W (PEP) — 
IMD = —30 dB (Max) 
e 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
e Class A and AB Characterization 
e BLX 13 Equivalent 

















MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


SS 
OFF CHARACTERISTICS 
Tvenmcco] © [| — | - | @ | 












Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, Ip = 0) 


ColesurBaie Beatdown tage (¢=S0mAds c=) | Veryoso | [=] =| vee 
Emitter-Base Breakdown Voltage (I = 10 mAde, Ig = 0) verso | 40 | — | — | Vac | 


NOTE: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


ON CHARACTERISTICS 


DC CurrentGain hee 
(ig = 1.0 Adc, Vog = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 
Output Capacitance Cob pF 
(Vcp = 30 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (SSB) 


Common-Emitter Amplifier Gain 
(Vcc = 28 Vdc, Pout = 25 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, icq = 25 mA) 


Collector Efficiency 
(Voc = 28 Vde, Pout = 25 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, icq = 25 mA) 


Intermodulation Distortion (2) 
(Voc = 28 Vdc, Pout = 25 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, ICQ = 25 mA) 


Load Mismatch 
(Voc = 28 Vdc, Pout = 25 W (PEP), f1 = 30 MHz, : No Degradation in Output Power 
f2 = 30.001 MHz, Icq = 25 mA, VSWR 30:1 at All Phase Angles) 


CLASS A PERFORMANCE 


Intermodulation Distortion (2) and Power Gain 
(Voc = 28 Vdc, Pout = 8.0 W (PEP), f1 = 30 MHz, 
f2 = 30.001 MHz, Icq = 1.2 Adc) 


NOTE: ; 
2. To Mil-Std-1311 Version A, Test Method 2204B, Two Tone, Reference each Tone. 








cB RFC2 








BIAS 
INPUT 
RF 

INPUT 
Ci, C2 — ARCO 469, 190-780 pF L1 — 3 Turns #16 0.25” ID 
C3, C4 — ARCO 464, 25-280 pF L2 — 6 Turns #16 0.5” ID 
C5 — 120 pF Dipped Mica L3 — 7 Turns #20 0.38” ID 
C6, C7 — 100 pF, 15 Vde L4— 10 pH Molded Choke Delevan 
C8 — 680 pF F.T. Allen Bradley RFC1 — Ferroxcube VK200/20-4B 
C9 — 1.0 WF 35 V Tantalum RFC2 — 3-Ferroxcube 5653065-3B 
CR1 — 1N4997 RF — Input/Output Connectors UG53 A/u 

R1 — 10 Q 1/2 Watt 10% 
Adjust Bias (Base) for Icq = 20 mA with No RF Applied 
Figure 1. 30 MHz Linear Test Circuit 
MRF426 MOTOROLA RF DEVICE DATA 
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f = 30, 30.001 MHz 


Ioq = 25 mA 
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Figure 3. Output Power versus Supply Voltage 


Figure 2. Output Power versus Input Power 








f = 30, 30.001 MHz 
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Pout, OUTPUT POWER (WATTS PEP) 


f, FREQUENCY (MHz) 


Figure 5. Intermodulation Distortion 


Figure 4. Power Gain versus Frequency 


versus Output Power 
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Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 6. DC Safe Operating Area 
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MOTOROLA RF DEVICE DATA 


Cout, PARALLEL EQUIVALENT OUTPUT 
CAPACITANCE (pF) 


MRF426 
2-354 


Figure 7. Output Capacitance versus Frequency 









f, FREQUENCY (MHz) 





Rout, PARALLEL EQUIVALENT OUTPUT 
RESISTANCE (OHMS) 
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Figure 9. Series Equivalent Input Impedance 





7 1 
f, FREQUENCY (MHz) 


Figure 8. Output Resistance versus Frequency 










MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line MRF429 
NPN Silicon 


RF Power Transistor 


. .. designed primarily for high-voltage applications as a high-power linear 


amplifier from 2.0 to 30 MHz. Ideal for marine and base station equipment. 150W pleas = 
e Specified 50 Volt, 30 MHz Characteristics — TRANSISTOR 


Output Power = 150 W (PEP) ; NPN SILICON 
Minimum Gain = 13 dB 
Efficiency = 45% 
e Intermodulation Distortion @ 150 W (PEP) — 
IMD = —32 dB (Max) 
e Diffused Emitter Resistors for Superior Ruggedness 


e 100% Tested for Load Mismatch at all Phase Angles with 30:1 VSWR 
@ 150 W CW 
















MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Characteristic [Symbol [Max | unt 
Thermal Resistance, Junction to Case Reuc 0.75 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 200 mAdc, Ip = 0) [verjceo | 50 | — [| — | voc | 
Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, VBE = 0) | Verjces | 100 [| — [| — | Vdc | 
Collector-Base Breakdown Voltage (Ic = 100 mAde, Ie = 0) | Verso | 100 | — [| — | vdeo | 
Emitter-Base Breakdown Voltage (Ie = 10 mAde, Ic = 0) |verneso | 40 | — [| — | vac | 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


































No Degradation in Output Power 


DC Current Gain hee 30 
(Ic = 5.0 Ade, VcE = 5.0 Vde) 
FUNCTIONAL TESTS 
GPE 
f = 30; 30.001 MHz) 
(Voc = 50 Vde, Pout = 150 W (PEP), I¢(max) = 3.32 Adc, 
Intermodulation Distortion (1) 
(VcE = 50 Vde, Pout = 150 W (PEP), Ic = 3.32 Adc) 
y 
VSWR 30:1 at all Phase Angles) 


[Chiara Symbot [inTve wae unit] 
DYNAMIC CHARACTERISTICS 
Common-Emitter Amplifier Gain 
Output Power 150 W (PEP) 
(VCE = 50 Vade, f = 30; 30.001 MHz) 
f= 30, 30.001 MHz) 
Electrical Ruggedness 
NOTE: 


ON CHARACTERISTICS 
Output Capacitance Cob pF 
(Vop = 50 Vde, IE = 0, f = 1.0 MHz) 
(Voc = 50 Vde, Pout = 150 W (PEP), I¢(max) = 3.32 Adc, 
See Pak ee 
(Voc = 50 Vde, Pout = 150 W CW, f = 30 MHz, 
1. To Mil-Std-1311 Version A, Test Method 2204, Two Tone, Reference each Tone. 






RF 
INPUT 





C1, C2, C7 — 170-780 pF, Arco 469 R2 — 10 Q, 1.0 Watt 

C3, C8, C9 — 0.1 pF, 100 V Erie R3 — 5.0—3.3 Q 1/2 Watt Carbon Resistors in Parallel 
C4— 500 pF @ 6.0V CR1 — 1N4997 

C5 — 9.0-180 pF, Arco 463 L1— 3 Turns, #16 Wire, 5/16” I.D., 5/16” Long 

C6 — 80-—480 pF, Arco 466 L2 — 10 4H Molded Choke 

C10 — 30 pF, 100 V L3— 12 Turns, #16 Enameled Wire Closewound, 1/4” |.D. 
R1 — 10 Q, 10 Watt L4—5 Turns, 1/8” Copper Tubing, 9/16” .D., 3/4” Long 


L5 — 10 Ferrite Beads — Ferroxcube #56-590-65/3B 


Figure 1. 30 MHz Test Circuit Schematic 
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Poyt, OUTPUT POWER (WATTS CW) 
Pout OUTPUT POWER (WATTS PEP) 





Pin, INPUT POWER (WATTS) Vcc, SUPPLY VOLTAGE (VOLTS) 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Supply Voltage 
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Figure 4. Power Gain versus Frequency Figure 5. RF Safe Operating Area (SOAR) 
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' CERT 
IMD, INTERMODULATION DISTORTION (dB) 


0 20 40 60 80 100 = 120 140 = 160 


Ic, COLLECTOR CURRENT (AMPS) Pout, OUTPUT POWER (WATTS PEP) 
Figure 6. ff versus Collector Current Figure 7. IMD versus Pout 
MOTOROLA RF DEVICE DATA MRF429 
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CAPACITANCE (pF) 
RESISTANCE (OHMS) 


Cout» PARALLEL EQUIVALENT OUTPUT 
Rout» PARALLEL EQUIVALENT OUTPUT 





f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 8. Output Capacitance versus Frequency Figure 9. Output Resistance versus Frequency 
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Figure 10. Series Equivalent Impedance 





» MRF429 MOTOROLA RF DEVICE DATA 
2-358 


MOTOROLA 
= SEMICONDUCTOR ox 
TECHNICAL DATA 


The RF Line MRF448 
NPN Silicon 
RF Power Transistor 


. .. designed primarily for high-voltage applications as a high-power linear 


amplifier from 2.0 to 30 MHz. Ideal for marine and base station equipment. pp ehan 
e Specified 50 Volt, 30 MHz Characteristics TRANSISTOR 


Output Power = 250 W NPN SILICON 
Minimum Gain = 12 dB 
Efficiency = 45% 

e Intermodulation Distortion @ 250 W (PEP) — 
IMD = —30 dB (Max) 


e 100% Tested for Load Mismatch at all Phase Angles with 3:1 VSWR 








MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 
Withstand Current — 10's 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 





THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Reuc | 6 CW 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characins —_—————‘|Symbat_[ win] we [mex [ tnt 
OFF CHARACTERISTICS 

caecor nr ratdown vols Uo=Ommas gO | Vanoeo | [>| | we] 
-Gaecor tr Batson votgeJo=WOmAds VeE=O) | Wenyees |_| =| =| ve 
Collector-Base Breakdown Voltage (Ig = 100 mAdc, IE = 0) | Verycpo | 100 | — [| — | vec | 
Emitter-Base Breakdown Voltage (IE = 10 mAde, I¢ = 0) |Vereso | 40 | — | — | voc | 


NOTE: (continued) 
1. Pp is a measurement reflecting short term maximum condition. See SOAR curve for operating conditions. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ea are Fa ee ee 


ON CHARACTERISTICS 


DC Current Gain 
(Ig = 5.0 Ade, Vog = 10 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vop = 50 Vdc, IE = 0, f= 1.0 MHz) 





FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 


Collector Efficiency 


(Voc = 50 Vde, Pout = 250 W, f = 30 MHz, icq = 250 mA) 


Intermodulation Distortion (2) 


n % (PEP) 
% (CW) 


v 


Electrical Ruggedness 


(Voc = 50 Vde, Pout = 250 W CW, f = 30 MHz, 


VSWR 3:1 at all Phase Angles) 
NOTE: 


No Degradation in Output Power 





2. To Mil-Std-1311 Version A, Test Method 2204, Two Tone, Reference each Tone. 


BIAS 


RF 
INPUT 


C1, C2, C5, C7 — 170-780 pF, Arco 469 
C3, C8, C9 — 0.1 uF, 100 V Erie 

C4— 500 pF @ 6.0V 

C6 — 360 pF, 3 x 120 pF 3.0 kV in parallel 
C10 — 10 uF, 100 V 

Ri — 10 Q, 10 Watt 

R2— 10 Q, 1.0 Watt 





RF 
OUTPUT 


CR1 — 1N4997 or equivalent 

L1—3 Turns, #16 Wire, 0.4” I.D., 0.3” Long 

L2 — 0.8 nH, Ohmite Z-235 or equivalent 

L3 — 12 Turns, #16 Enameled Wire Closewound 0.25” I.D. 

L4 — 4 Turns, 1/8” Copper Tubing, 0.6” I.D., 1.0” Long 

L5, L6 — 2.0 nH, Fair-Rite 2643021801 Ferrite bead each or equivalent 


Figure 1. 30 MHz Test Circuit Schematic 
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MOTOROLA RF DEVICE DATA 


Pout, OUTPUT POWER (WATTS CW) 


Pin, ie POWER wa 


Figure 2. Output Power versus Input Power 


GpE, POWER GAIN (dB) 


{, FREQUENCY (MHz) 


Figure 4. Power Gain versus Frequency 


tr(MH2) 


Ic, COLLECTOR CURRENT (AMPS) ~ 


Figure 6. ff versus Collector Current 


MOTOROLA RF DEVICE DATA 





20 








Pout, OUTPUT POWER (WATTS CW) Pout, OUTPUT POWER (WATTS PEP) 


IMD, INTERMODULATION DISTORTION (dB) 





Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 3. Output Power versus Supply Voltage 
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OUTPUT VSWR 


Figure 5. RF SOAR (Class AB) 
Pout versus Output VSWR 
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Pout, OUTPUT POWER (WATTS PEP) 


Figure 7. IMD versus Pout 
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Figure 8. Output Resistance and Capacitance 
versus Frequency 


Vec = 50 V 
Ica = 150 mA 
Pout = 250 W PEP 


4.50 - j1.40 


3.10 -j1.80 
1.70 - j1.75 
0.80 - j1.25 
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Figure 9. Series Equivalent Impedance 
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MOTOROLA 


m= SEMICONDUCTOR ox 
TECHNICAL DATA 


The RF Line 
NPN Silicon MRF454 


RF Power Transistor 


... designed for power amplifier applications in industrial, commercial and 
amateur radio equipment to 30 MHz. 
* Specified 12.5 Volt, 30 MHz Characteristics — pede cette 
RF POWER 
Output Power = 80 Waits TRANSISTOR 
Minimum Gain = 12 dB NPN SILICON 
Efficiency = 50% 












MAXIMUM RATINGS 





THERMAL CHARACTERISTICS 


[___Gharacteriatio | Symbol [Max | Unit | 
Thermal Resistance, Junction to Case °C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


ee 
OFF CHARACTERISTICS s 
ence] * [> [| - |= _| 


CASE 211-11, STYLE 1 





Collector-Emitter Breakdown Voltage (Ic = 100 mAdc, ip = 0) 


| Gotectrniter Breakdown Voago (o=B0made Vae'=0) | Veryoes | = [| — | — | v®_| 
Erie Bae SratdownVlage(ie=10mAGo=0) | Veryeao | 40 | _— | — | ve _| 


ON CHARACTERISTICS 


DC Current Gain (Ic = 5.0 Adc, Vog = 5.0 Vde) a ee ae a eae 


DYNAMIC CHARACTERISTICS 







FUNCTIONAL TESTS (Figure 1) 














Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 80 W, f = 30 MHz) 


Collector Efficiency n % 
(Voc = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 

Series Equivalent Input Impedance 938-§.341 Ohms 
(Voc = 12.5 Vde, Poyt = 80 W, f = 30 MHz) 

Series Equivalent Output Impedance Zout 1.16-j.201 
(Vcc = 12.5 Vdc, Pout = 80 W, f = 30 MHz) 

Parallel Equivalent Input Impedance 1.06 Q 
(Voc = 12.5 Vde, Pout = 80 W, f = 30 MHz) 1817 pF 

Parallel Equivalent Output Impedance 1.199 
(Voc = 12.5 Vde, Pout = 80 W, f = 30 MHz) 777 pF 

MOTOROLA RF DEVICE DATA MRF454 
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Ci, C2, C4 — ARCO 469 

C3 — ARCO 466 

C5 — 1000 pF, UNELCO 

C6, C7 — 0.1 uF Disc Ceramic 

C8 — 1000 pF/15 V Electrolytic 
R1 — 10 Ohm/1.0 Watt, Carbon 


L1— 3 Turns, #18 AWG, 5/16” I.D., 5/16” Long 

L2— VK200-20/4B, FERROXCUBE 

L3— 12 Turns, #18 AWG Enameled Wire, 1/4” 1.D., Close Wound 
L4— 3 Tums 1/8” O.D. Copper Tubing, 3/8” I.D., 3/4” Long 

L5 — 7 FERRITE Beads, FERROXCUBE #56-590-65/3B, 


Figure 1. 30 MHz Test Circuit Schematic 


Pout, OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) 


MRF454 
2-364 





Pout, OUTPUT POWER (WATTS) 





Voc, SUPPLY VOLTAGE (VOLTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Supply Voltage 
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MOTOROLA 


m= SEMICONDUCTOR Se 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


... designed for power amplifier applications in industrial, commercial and 
amateur radio equipment to 30 MHz. 


60 W, 30 MHz 
e Specified 12.5 Volt, 30 MHz Characteristics — RF POWER 
Output Power = 60 Watts TRANSISTOR 
Minimum Gain = 13 dB NPN SILICON 
Efficiency = 55% 
MATCHING PROCEDURE 


In the push-pull circuit configuration it is preferred that the transistors are 
used as matched pairs to obtain optimum performance. 

The matching procedure used by Motorola consists of measuring hrE at the 
data sheet conditions and color coding the device to predetermined hfe ranges 
within the normal hE limits. A color dot is added to the marking on top of the 
cap. Any two devices with the same color dot can be paired together to form a 
matched set of units. 


MAXIMUM RATINGS 





Rating 
Collector-Emitter Voltage 
Collector-Emitter Voltage 


Symbol 
Emitter-Base Voltage 
Hae 
| Tag | 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range Tstg —65 to +150 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 18 Vde 
(Ic = 100 mAde, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 50 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 10 mAdc, Ic = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 10 150 
(Ic = 5.0 Ade, Vog = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance 


CASE 211-07, STYLE 1 








(Vop = 12.5 Vde, IE = 0, f= 1.0 MHz) 





(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 
OO 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 60 W, f = 30 MHz) 


Collector Efficiency : 
(Voc = 12.5 Vde, Pout = 60 W, f= 30 MHz) 


1.66-.844 


Series Equivalent Output Impedance : 1.73-j.188 
(Voc = 12.5 Vdc, Pout = 60 W, f = 30 MHz) 

Parallel Equivalent Input Impedance . 2.09/1030 
(Voc = 12.5 Vde, Pout = 60 W, f = 30 MHz) 


Parallel Equivalent Output Impedance Zout 1.75/330 
(Voc = 12.5 Vde, Pout = 60 W, f = 30 MHz) 





12.5 Vde 


RF OUTPUT 





C1, C2, C4 — ARCO 469 L1—3 Turns, #18 AWG, 5/16” I.D., 5/16” Long 

C3 — ARCO 466 L2 — VK200-20/4B, FERROXCUBE 

C5 — 1000 pF, UNELCO L3— 12 Turns, #18 AWG Enameled Wire, 1/4” 1.D., Close Wound 
C6, C7 — 0.1 uF Disc Ceramic L4— 8 Turns 1/8” O.D. Copper Tubing, 3/8” |.D., 3/4” Long 

C8 — 1000 pF/15 V Electrolytic L5 — 7 FERRITE Beads, FERROXCUBE #56-590-65/3B 


R1 — 10 Ohm/1.0 Watt, Carbon 
Figure 1. 30 MHz Test Circuit Schematic 


Pout, OUTPUT POWER (WATTS) 
Pout OUTPUT POWER (WATTS) 








0 
0 05 #4 #15 #2 25 3 35 4 #45 5 ” 8 9 0 tt 12 #13 «14 «15 «16~=«617~—=«18 
Pin, INPUT POWER (WATTS) Voc, SUPPLY VOLTAGE (VOLTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Supply Voltage 
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MOTOROLA 


= SEMICONDUCTOR SR 
TECHNICAL DATA 


The RF Line MRF464 
NPN Silicon 


RF Power Transistor 


. .. designed primarily for applications as a high-power linear amplifier from 2.0 


to 30 MHz, in single sideband mobile, marine and base station equipment. 80 W (PEP), 30 MHz 

e Specified 28 Volt, 30 MHz Characteristics — RF POWER 
Output Power = 80 W (PEP) TRANSISTOR 
Minimum Gain = 15 dB NPN SILICON 


Efficiency = 40% 
Intermodulation Distortion = —-32 dB (Max) 


MATCHING PROCEDURE 

In the push-pull circuit configuration it is preferred that the transistors are 
used as matched pairs to obtain optimum performance. 

The matching procedure used by Motorola consists of measuring hFE at the 
data sheet conditions and color coding the device to predetermined hf ranges 
within the normal hr¢ limits. A color dot is added to the marking on top of the 
cap. Any two devices with the same color dot can be paired together to form a 
matched set of units. 


MAXIMUM RATINGS 













[Vatu [Unit 
Collector-Emitter Voltage VCEO {3 Vac | 
Veso_| 6 ‘| vac 
| Emitter-Base Voltage | SVeBO | 40 | (Ve 


Collector Current — Continuous | ic [to | Ade | 


Total Device Dissipation @ Tc = 25°C 250 Watts 
Derate above 25°C 1.4 wc 


Storage Temperature Range —65 to +150 


CASE 211-11, STYLE 1 














THERMAL CHARACTERISTICS 

Symbol [ad 

pst ORIG) me wm a a eh en | ee OB 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[harass «dS [in Max [tt 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 100 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 100 mAde, VBE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mAde, Ic = 0) 


Collector Cutoff Current 
(VCE = 28 Vde, Vpg = 0, To = +55°C) 


ON CHARACTERISTICS 





DC Current Gain hre 10 
(I¢ = 0.5 Ade, VogE = 5.0 Vdc) 


NOTE: (continued) 
1. Case 145A-10 — For Repeated Assembly Use 11 In. Lb. . 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


DYNAMIC CHARACTERISTICS 
Output Capacitance Cob pF 
(Vcp = 28 Vae, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain (Figure 1) 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Voc = 28 Vde, 
f4 = 30 MHz, fo = 30.001 MHz) 


Intermodulation Distortion Ratio (Figure 1) (2) 


(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Voc = 28 Vde, 
fy = 30 MHz, fo = 30.001 MHz) 

Collector Efficiency 
(Pout = 80 W (PEP), Ic = 3.6 Adc (Max), Voc = 28 Vde, 
fy = 80 MHz, fo = 30.001 MHz) 


NOTE: 
2. To Mil-Std-1311 Version A, Test Method 2204B, Two Tone, Reference each Tone. 









Vp 
RF BEADS 
PE H_EL_FL_] + 
500 wF - Winewss 5 0.01 pF sUToN «Ot HF 25 pF 28 Vde 
10H zs 
a RFC 
= = RL = 502 
04 pF Se 
ARCO 469 
(170-780 pF) ie c2 C1 





RFC — 20 Turns @12 AWG Enameled Wire Close Wound in 2 Layers, 1/4” 1.D. Ves adjusted for lcq — 40 mAdc (ICQ = Quiescent 
T1 — 20 Turns #24 AWG Wire Wound on Micro-Metals T37-7 Toroid Core Collector Current) 
Center Tapped. C1 — 170-180 pF ARCO 469 or Equivalent 
T2 — 1:9 XFMR; 6 Turns of 2 Twisted Pairs of #28 AWG Enameled Wire. C2 — 330 pF 
(8 Crests Per Inch) Bifilar Wound on Each of 2 Separate Balun Cores. 
(Stackpole #57-1503, No. 14 Material) Interconnected as shown 
RF Beads — Ferroxcube #56-590-65/3B 


Figure 1. 30 MHz Test Circuit 
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Pout, OUTPUT POWER (WATTS) 





°O 02 04 06 OB 1 12 14 16 18 2 22 od 26 28 
Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Supply Voltage 
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. Figure 6. Output Capacitance versus Frequency 
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Gpe, POWER GAIN (dB) 


=40mA 


a ae 
Pou=eowrer | | | | | || 





{, FREQUENCY (MHz) 


Figure 3. Power Gain versus Frequency 


Voc = 28 Vde 
Ioq = 40 mA 
f= 30, 30.001 MHz 


IMD, INTERMODULATION DISTORTION (dB) 





Pout: sir POWER (WATTS = 


Figure 5. Intermodulation Distortion versus 
Output Power 


RESISTANCE (OHMS) 


iia Ca 
voc=zevee | | TU {TT} | | f | 
tt HEH 
2 


f, seein) ia 


Figure 7. Output Resistance versus Frequency 


Rout, PARALLEL EQUIVALENT OUTPUT 





0 
15 
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Ic, COLLECTOR CURRENT (AMPS) 





5 10 1 35 40 


Voc, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
Figure 8. DC Safe Operating Area 
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Figure 9. Series Input Impedance 
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MOTOROLA 


2 SEMICONDUCTOR Saag 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


,.. designed for 12.5 volt low band VHF large-signal power amplifier : 
applications in commercial and industrial FM equipment. TT owen. 
e Specified 12.5 V, 50 MHz Characteristics — TRANSISTOR 
Output Power = 70 W NPN SILICON 
Minimum Gain = 11 dB 
Efficiency = 50% 
e Load Mismatch Capability at High Line and RF Overdrive 





MAXIMUM RATINGS 
, Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ To = 25°C (1) 
Derate above 25°C 





CASE 211-11, STYLE 1 
Storage Temperature Range 


THERMAL CHARACTERISTICS 





Characteristic 


Thermal Resistance, Junction to Case (2) 





ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[hart —————«dCSymbot [ in [We Mae 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ig = 100 mAdc,Ip=0) | Veryceo | 18 | 
[caacorcnie Seaton Vetus (¢=S0made Voe=0 | Venices [>> —| 
Ener SoeSsidom alge Ve =0naasio=0) | Vpnjeso | «0 
| ctaco Cut Cuer ee='06veevee=0 | _tees_[ — 





ON CHARACTERISTICS 

[Be Cinen Gan igsomevee=sovey «we | * | - [| ™ | — | 
DYNAMIC CHARACTERISTICS 

FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 70 W, f = 50 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 70 W, f = 50 MHz) 





NOTES: 


1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF 
amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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+12.5 Vde 


RF OUTPUT 


RF INPUT 





C1, C8 — 9.0-180 pF, Arco 463 RFC2 — 12 Turns, #16 AWG, Enameled Wire Closewound 
C2, C3, C4 — 80-480 pF, Arco 466 on a 2.0 W Carbon Resistor 

C5 — 1000 pF, 350 V, Uneico L1— 2 Turns, #18 AWG Enameled Wire, 0.4” ID, 0.15” Long 
C6 — 10 WF, 25 Vde. L2— Loop, #12 AWG Wire, 0.6” High, 0.4” Wide 

C7 — 0.01 pF, Ceramic L3— 2 Turns, #12 AWG Wire, ID 0.4”, 0.25” Long 

RFC1 — 10 nH Molded Choke Bead — Ferrite Bead Ferroxcube #56-590-65/3B 


Figure 1. 50 MHz Test Circuit 


Voc = 12.5V 
Pout = 70 W 


Pout, OUTPUT POWER (WATTS) 
Gpg, POWER GAIN (dB) 








Pin, INPUT POWER (WATTS) {, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Power Gain versus Frequency 
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Pout, OUTPUT POWER (WATTS) 





7 8 9 10 HW 12 1 #14 #1 £16 «17 
Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 4. Output Power versus Supply Voltage 
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1.12 -j1.28 
0.93 -j1.24 | 0.76-j1.3 
0.7-j1.17 | 0.58-j1.0 


ZoL* = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage and frequency. 


0.85 - j1.46 





Figure 5. Series Equivalent Input/Output Impedances 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Low Power Transistor 


. .. designed primarily for wideband large signal predriver stages in the VHF 
frequency range. nt Eth COWER 
e Specified @ 12.5 V, 175 MHz Characteristics 

Output Power = 1.5 W 

Minimum Gain = 11.5 dB 

Efficiency 60% (Typ) - 
e Cost Effective PowerMacro Package 
e Electroless Tin Plated Leads for Improved Solderability 


TRANSISTOR 
NPN SILICON 





' MAXIMUM RATINGS 


Rating 
Collector-Emitter Voltage Sac 
Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 75°C (1, 2) 
Derate above 75°C 
CASE 317D, STYLE 2 





Storage Temperature Range 


THERMAL CHARACTERISTICS 
eS 
rao [|__| ow _| 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Characters «dS bot [in| tw [ex [Ut 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic =10 mAdc, ip=0)  - 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 5.0 mAdc, VBE = 0) ; 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 5.0 mAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 1.0 mAdc, Ic = 0) 
Collector Cutoff Current ICES mAdc 
(VcE = 15 Vde, VBE = 0, To = 25°C) 
ON CHARACTERISTICS 
DC Current Gain 
(Ic = 250 mAdc, VoE = 5.0 Vde) 
NOTES: (continued) 
1. Tc, Case temperature measured on collector lead immediately adjacent to body of package. 


2. The MRF553 PowerMacro must be properly mounted for reliable operation. AN938, “Mounting Techniques in PowerMacro Transistor,” 
discusses methods of mounting and heatsinking. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


te ae Se 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcp = 10 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 1.5 W, f = 175 MHz) 





Collector Efficiency 
(Voc = 12.5 Vde, Pout = 1.5 W, f = 175 MHz) 


Load Mismatch Stress : 
(Voc = 12.5 Vde, Pout = 1.5 W, f= 175 MHz, No Degradation in Output Power 
VSWR 2 10:1 All Phase Angles) 








VeB = _ Ri 5xB a Nees 
125V \o/ 19 wy, 12.5V 
+ B oa 
C5 cé R2 c9 C10 
L5 
c8 
L om 
c4 L4 = 
T oe ieee 
= TTT (PUT og | 7 C7 
RF li C2 1 uw | (\ e-< AF 
INPUT?" fs i | | OUTPUT 
i? AC ec, 
Leal 
Ci C3 

C1 — 36 pF Mini Underwood Li — 3 Turns, #18 AWG, 0.210” ID, 3/16” Length 

C2 — 47 pF Mini Underwood L2, L4, L7 — 0.62”, #18 AWG Wire Bent into “V” 

C3 — 91 pF Mini Underwood L8, L6 — 60 x 125 x 250 Mils Copper Pad on 27 Mils Thick Alumina Substrate 

C4 — 68 pF Mini Underwood L5 — 12 WH Molded Choke 

C5, C9 — 1.0 pF Erie Red Cap Capacitor L8 —7 Turns, #18 AWG, 0.170” ID, 7/16” Length 

C6, C10 — 0.1 WF, 35 V Tantulum L9— 1.0”, #18 AWG Wire with 5 Ferrite Beads 

C7 — 470 pF Chip Capacitor B — Ferrite Bead 

C8 — 2200 pF Chip Capacitor Board Material — Glass Teflon, ¢, = 2.56, t = 0.0625” (See Photomaster, Figure 3) 

R1 — 4.7 kQ, 1/4 W 

R2— 100 Q, 1/4W 

D1 — 1N4148 Diode 

Figure 1. 140~175 MHz Broadband Circuit Schematic 
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Figure 2. 140-175 MHz Broadband Circuit 





SCALE 0.75:1 


Figure 3. 140-175 MHz Test Circuit Photomaster 
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Gpe, POWER GAIN (dB) 
Nc, COLLECTOR EFFICIENCY (%) 





{, FREQUENCY (MHz) 


Figure 4. Typical Performance in 
Broadband Circuit 
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ZoL* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


Table 1. Zjn and Zo, versus Collector Voltage, Input Power, and Output Power 
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Voc = 





(SLIM) LNd.LNO HaMOd “Hq 


Pin, POWER INPUT (mW) 


Pin, POWER INPUT (mW) 


Figure 6. Power Output versus Power Input 


Figure 5. Power Output versus Power Input 
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Figure 8. Power Output versus Frequency 


Figure 7. Power Output versus Frequency 
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(SLIYM) LNdLNO H3MOd Yq 


Voc, COLLECTOR VOLTAGE (Vde) 


Voc, COLLECTOR VOLTAGE (Vde) 


Figure 10. Power Output versus 


Figure 9. Power Output versus 


Collector Voltage 


Collector Voltage 


MOTOROLA RF DEVICE DATA 


MRF553 
2-378 


MOTOROLA 


m= SEMICONDUCTOR Sx 
TECHNICAL DATA 


The RF Line 
NPN Silicon 


RF Low Power Transistor 


. .. designed primarily for wideband large signal predriver stages in the UHF 


frequency range. 1.5 W, 470 MHz 

Specified @ 12.5 V, 470 MHz Characteristics @ Poyt = 1.5 W ealrie ably 
Common Emitter Power Gain = 12.5 dB (Typ) NPN SILICON 
Efficiency 60% (Typ) 





e Cost Effective PowerMacro Package 
e Electroless Tin Plated Leads for Improved Solderability 


MAXIMUM RATINGS 


> a 





Total Device Dissipation @ Tc = 75°C (1, 2) 
Derate above 75°C 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


[eerste Smo Mae Tat 
Thermal Resistance, Junction to Case Resc a eee ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[etait —«dY:«S met | win |e [ex [ua 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(ic = 5.0 mAde, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 5.0 mAdc, VBE = 0) 


CASE 317D, STYLE 2 





Emitter-Base Breakdown Voltage 
(Ig = 0.1 mAdc, I¢ = 0) 


Collector Cutoff Current 
(VcE = 15 Vde, Vee = 0, Tc = 25°C) 





ON CHARACTERISTICS 
DC Current Gain 200 
(I¢ = 100 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob pF 
(Vcp = 15 Vde, IE = 0, f = 1.0 MHz) 
NOTES: (continued) 


1. Tc, Case temperature measured on collector lead immediately adjacent to body of package. 
2. The MRF555 PowerMacro must be properly mounted for reliable operation. AN938, “Mounting Techniques in PowerMacro Transistor,” 
discusses methods of mounting and heatsinking. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


FUNCTIONAL TESTS (f = 470 MHz) 
Common-Emitter Power Gain 11 
(Voc = 12.5 Vde, Poyt = 1.5 W) 
Collector Efficiency Ne % 
(Voc = 12.5 Vde, Pout = 1.5 W) 
Vv 
















Load Mismatch Stress 
(Vcc = 15.5 Vde, Pin = 125 mW, 
VSWR 2 10:1 all phase angles) 


No Degradation in Output Power 











RF 
POWER 
OUTPUT 
*C1, C3, C6 — 08-11 pF Johanson L1— 5 Turns #21 AWG, 5/32” |.D. 
C2 — 15 pF Clamped Mica, Mini-Underwood L2, L3 — 60 x 125 x 250 Mils Copper Pad on 27 Mil Thick 
C4 — 36 pF Clamped Mica, Mini-Underwood Alumina Substrate 
C5 — 470 pF Ceramic Chip Capacitor L4, L5 — 7 Turns #21 AWG 5/32” I.D. 
C7 — 91 pF Clamped Mica, Mini-Underwood Z1 — 1.29” x 0.16” Microstrip 
C8 — 68 pF Clamped Mica, Mini-Underwood Z2 — 0.70” x 0.16” Microstrip 
C9 — 1.0 pF, 25 V Tantalum Z3 — 2.18” x 0.16” Microstrip 
B= Bega Reenaibe cee cone PCB — 1/16” Glass Teflon, 1 oz. cu. clad, 
*Fixed tuned for broadband response double sided, er = 2.5 
(See Figure 5 — Photomaster) 
Figure 1. 400-512 MHz Broadband Circuit 
20 
eee celeste tb ie it = | eased SW 
a ae ee ee ee 2 
16 
ao 
5 a 
= fe) 
2 12 5S 
oO aw 
c = iote 
ui Q = 
5 are 
& 8 e 
& 
S -B 
4 DO 
i 
=z8 
i 
0 = iy 
400 425 450 475 500 550CO 
f, FREQUENCY (MHz) 
Figure 2. Performance in Broadband Circuit 
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ZoL* 
Ohms 


















2.9 -j2.7 










Voc =7.5V | Veco =12.5V | Vec=7.5V | Vec = 12.5 V 
f Pout 400 MHz=1.5W | | Poyt 400 MHz = 1.9 W 
Frequency Pout 450 MHz = 1.35 W | | Pout 450 MHz = 1.45 W 
MHz 
2.2 -j0.8 | 2.6 —j4.0 21.6 = j9.9 20.2 ~j18.6 


Pout 512 MHz = 1.05 W | | Pout 512 MHz = 0.9 W 
400 
~ 450 
512 3.5-j1.2 2.6 -j2.6 20.1-j1.0 23.4 —j23.0 


1.9-j3.1 18.0 —j13.4 12.2 ~j19.7 
Zo," = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


Table 1. Zjn and Zoy_ versus Collector Voltage, Input Power and Output Power 





Figure 3. 400-512 MHz Broadband Circuit 





SCALE 0.75:1 


Figure 4, 400-512 MHz Broadband Circuit Photomaster 
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Pout: POWER OUTPUT (W) 
Pout: POWER OUTPUT (W) 





Pin, POWER INPUT (mW) f, FREQUENCY (MHz) 


Figure 5. Power Output versus Power Input Figure 6. Power Output versus Frequency 
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Pout, POWER OUTPUT (W) 
Pout POWER OUTPUT (W) 
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f, ieee (MHz) Vcc, SUPPLY VOLTAGE (Vdc) 
Figure 7. Power Output versus Frequency Figure 8. Power Output versus Supply Voltage 
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Pout, POWER OUTPUT (W) 
Pout, POWER OUTPUT (W) 
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a= 
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0 
6 
Voc, SUPPLY VOLTAGE (Vdc) Voc, SUPPLY VOLTAGE (Vdc) 
Figure 9. Power Output versus Supply Voltage Figure 10. Power Output versus Supply Voltage 
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MOTOROLA 


m= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Low Power Transistor 


. .. designed primarily for wideband large signal predriver stages in the 
800 MHz frequency range. 1.5 W, 870 MHz 
RF LOW POWER 


e Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 1.5 W 
Minimum Gain = 8.0 dB 
Efficiency 60% (Typ) 

e Cost Effective PowerMacro Package 


e Electroless Tin Plated Leads for Improved Solderability 


TRANSISTOR 
NPN SILICON 





MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


aK 





Collector Current — Continuous 


Total Device Dissipation @ Tc = 75°C (1, 2) 
Derate above 75°C 


CASE 317D, STYLE 2 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[erates «Syme [win |p [mo] Ut 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 16 Vde 
(I¢ = 5.0 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(ic = 5.0 mAdc, Vpg = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(ig = 0.1 mAde, Ic = 0) 
Collector Cutoff Current ICES mAdc 

(Vcg = 15 Vde, VBE = 0, Tc = 25°C) 
















ON CHARACTERISTICS 
DC Current Gain hrEe 
(Ic = 100 mAdc, VcE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 


Output Capacitance 





(Vc = 15 Vde, IE = 0, f = 1.0 MHz) 


NOTES: (continued) 
1. Tc, Case temperature measured on collector lead immediately adjacent to body of package. 
2. The MRF557 PowerMacro must be properly mounted for reliable operation. AN938, “Mounting Techniques in PowerMacro Transistor,” 
discusses methods of mounting and heatsinking. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ao | 


FUNCTIONAL TESTS : 
Common-Emitter Amplifier Power Gain Figures 1, 2 
(Voc = 12.5 Vde, Poyt = 1.5 W, f = 870 MHz) 
Collector Efficiency Figures 1, 2 Nec % 
(Voc = 12.5 Vde, Poyt = 1.5 W, f = 870 MHz) 


Load Mismatch Stress Figures 1, 2 y 
(Voc = 15.5 Vde, Pin = 225 mW, f = 870 MHz, No Degradation in Output Power 
VSWR 2 10:1 all phase angles) 











RF 

POWER 
OUTPUT 

C1, C2, C5, C7 — 0.8-—8.0 pF Johanson Gigatrim* L1, L4 — 5 Turns #21 AWG, 5/32” ID 

C3, C4 — 15 pF Clamped Mica, Mini-Underwood L2, L8 — 60 x 125 x 250 Mils Copper Tab on 

C6 — 27 pF Clamped Mica, Mini-Underwood _ 27 Mil Thick Alumina Substrate 

C8 — 91 pF Clamped Mica, Mini-Underwood L5 — 7 Turns #21 AWG, 5/32” ID 

C9 — 68 pF Clamped Mica, Mini-Underwood Z1 — 1.65 x 0.163” Microstrip, Zp = 50 Q 

C10 — 1.0 pF, 25 V Tantalum Z2 — 0.85 x 0.163” Microstrip, Zp = 50 Q 

B — Bead, Ferroxcube 56-590-65/3B Z3 —.0.625 x 0.163” Microstrip, Zp = 50 Q 

PCB — 1/16” Glass Teflon, ¢, = 2.56 Z4 — 1.35 x 0.163” Microstrip, Zp = 50 Q 

(See Photomaster Figure 3) 
*Fixed tuned for broadband response. 
Figure 1. 800-880 MHz Broadband Circuit 
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SCALE 0.75:1 


Figure 3. 800—880 MHz Test Circuit Photomaster 
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Gpe, POWER GAIN (dB) 
Nc, COLLECTOR EFFICIENCY (%) 


IRL, INPUT RETURN LOSS (dB) 





f, FREQUENCY (MHz) 


Figure 4. Performance in Broadband Circuit 


ZoL" 
Ohms 


[Wessvav [| veowmasv [| veow7av_ [| voo=tasv | 


Pout 806 MHz =1.7W || Poyt 806 MHz = 2.1 W 
Pout 870 MHz = 1.4W || Poyt 870 MHz = 1.8 W 
Pout 960 MHz=1.0W || Pout 960 MHz = 1.1 W 


2.4+j3.9 2.4 +j3.1 14.7 -j4.4 13.6 -j12.8 

2.5 + j4.6 2.7 +j3.7 17.2 -j8.6 16 —j13.2 

6.14 j7.4 6.8 +j8.3 40 -j8.3 38 -j10.5 
ZoL* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 





Table 1. Zjn and ZoL versus Collector Voltage, Input Power and Output Power 
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{, FREQUENCY (MHz) 


Pins ana INPUT (mW) 


Figure 6. Power Output versus Frequency 


Figure 5. Power Output versus Power Input 





(SLIVM) LAdLNO HAMOd q 


Voc = 12.5 Vde 





Voc, SUPPLY vaniee nee 


{, FREQUENCY (MHz) 


Figure 8. Power Output versus Supply Voltage 


Figure 7. Power Output versus Frequency 


aN 


PTT TINA I 

Renae eal 
fi fella Malla 
altel Meee 
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Voc, SUPPLY Vanes (VOLTS) 


Figure 10. Power Output versus Supply Voltage 


Figure 9. Power Output versus Supply Voltage 
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MOTOROLA 


= SEMICONDUCTOR ox 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistor 


. .. designed for UHF linear and large-signal amplifier applications. 


¢ Specified 12.5 Volt, 870 MHz Characteristics — Peppa 
Output Power = 0.5 Watts TRANSISTOR 
Minimum Gain = 8.0 dB NPN SILICON 
Efficiency 50% 





e S Parameter Data From 250 MHz to 1.5 GHz 

e 1.0 dB Compression > +20 dBm Typ 

e Ideally Suited for Broadband, Class A, Low-Noise Applications 
e Recommended As Driver for MHW808 








MAXIMUM RATINGS 





eC 


Collector-Emitter Voltage Voto | 16 | Vac 
Collector-Base Voltage VcBo | 36 | Vide | 
c 





vee 

Total Device Dissipation @ Tc = 50°C Watts 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Gharacteritio «| Symbot_([ Min tp] Max nit 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 5.0 mAde, Ip = 0) 





CASE 317, STYLE 2 


Collector-Base Breakdown Voltage 
(Ig = 100 pAde, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 100 Ade, Ic = 0) 


Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAdc, VcE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 100 mAdc, VcE = 10 Vde, f = 200 MHz) 





Output Capacitance 
(Vop = 12.5 Vde, IE = 0, f = 1.0 MHz) 





(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Characins Sebo [win [ee 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain f= 870 MHz 
(Voc = 12.5 Vde, Pout = 0.5 W) f= 512 MHz 


Collector Efficiency f = 870 MHz 
(Voc = 12.5 Vde, Pout = 0.5 W) f=512 MHz 


TYPICAL PERFORMANCE @ Vcc =7.5 V 


Common-Emitter Amplifier Power Gain f= 870 MHz 
(Voc = 7.5 Vdc, Poyt = 0.5 W) f= 512 MHz 


Collector Efficiency f = 870 MHz 
(Voc = 7.5 Vde, Pout = 0.5 W) f= 512 MHz 








PpMAX, MAXIMUM POWER 
DISSIPATION (WATTS) 





Tc, CASE TEMPERATURE (°C) 


Figure 1. Power Dissipation 





C1, C2, C4, C5 — 1.0—10 pF Johanson Z1—5021.5cm 
C3, C6 — 0.001 yF Chip Capacitor Z2 — 30 22.5cm 
C7 — 1.0 pF Tantalum Z3 — 5022.0 cm 
L1, L4 — 4 Turns #26 AWG, 0.3 cm ID, 0.4 cm Long Z24—5021.2cm 
L2, L3 — Ferrite Bead 25, Z6 — 50 21.25 cm 


Microstrip Elements — ey = 2.55 
Figure 2. 870 MHz Test Fixture 
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Pout, OUTPUT POWER (mW) 


Pout, OUTPUT POWER (mW) 





Pins INPUT POWER (mW) {, FREQUENCY (MHz) 


Figure 3. Output Power versus Input Power Figure 4. Output Power versus Frequency 
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2 2 
0 
400 425 450 475 500 525 
Voc, COLLECTOR VOLTAGE (V) {, FREQUENCY (MHz) 
Figure 5. Output Power versus Collector Voltage Figure 6. Output Power versus Frequency 
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Table 1. Zjn and Zo_ versus Collector Voltage, Input Power, and Output Power 
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J 
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Pin = 100 mW 


Pout, OUTPUT POWER (mW) 
Pout: OUTPUT POWER (mW) 





800 830 860 890 920 950 
Pin, INPUT POWER (mW) {, FREQUENCY (MHz) 
Figure 7. Output Power versus Input Power Figure 8. Output Power versus Frequency 


Pout, OUTPUT POWER (mW) 
Pout OUTPUT POWER (mW) 








0 
75 10 125 15 175 800 830 860 890 920 950 
Voc, COLLECTOR VOLTAGE (V) f, FREQUENCY (MHz) 
Figure 9. Output Power versus Collector Voltage Figure 10. Output Power versus Frequency 


Zot” 
Ohms 


[Wesa7etasv [eer 

Paemw | somw | woonw (| oaw | osw | o7sw || easw | osw | a7ew 
| [0-jo08 [27-08 [a7 -[an8 | [148-100 | 2 o7 |[sa4— B77 

I [768-10 

I [7318 

I [i728 


Voc = 12.5 V 


Zo." = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


16.3 -j40.8 | 17.8-j39.5 | 23.7 -j36.8 
18.3-j39.3 | 23.9 -j36.0 





Table 2. Zjn and ZoL versus Collector Voltage, Input Power, and Output Power 
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ioe ISo1l2 
Umer) (t= Sit S2aP) 





7000 
{, FREQUENCY (MHz) 


Figure 11. Gain versus Frequency 


Gp, GAIN (48) 


f = 500 MHz 
f=1GH. ——— 


NF, NOISE FIGURE AND 
GNF, ASSOCIATED GAIN (dB) 





Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


Figure 12. Gain versus Collector Current Figure 13. Noise Figure and Associated Gain 
versus Collector Current 


OUTPUT CAPACITANCE (pF) 


= 


ft, CURRENT GAIN BANDWIDTH PRODUCT (GHz) 
nm 








0 30 60 90 120 150 
Ic, COLLECTOR CURRENT (mA) Vcp, COLLECTOR BASE VOLTAGE (VOLTS) 
Figure 14. Current Gain Bandwidth Product Figure 15. Output Capacitance versus 
versus Collector Current Collector Base Voltage 
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-178 
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137 
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135 


—157 
-178 
160 
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Table 3. Common Emitter Scattering Parameters 
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Figure 16. Tunable Test Fixture 





INPUT OUTPUT 
SCALE 0.75:1 


Figure 17. Printed Circuit Board Layout 
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MOTOROLA 


= SEMICONDUCTOR Sn 


TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistors 


. .. designed for low-noise, wide dynamic range front end amplifiers, low-noise 
VCO's, and microwave power multipliers. 
e Low Noise 
e High Gain 
e Available in Low Cost Plastic, High Reliability Ceramic or Die 
e State-of-the-Art Technology 
Fine Line Geometry 
lon Implanted Arsenic Emitters 
Gold Top Metallization and Wires 
Silicon Nitride Passivation 


Fully Characterized 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO Vde 
Collector-Base Voltage VcBO ae Vde 


Total Device Dissipation 
@ Tc = 50°C (1) 
Derate above 50°C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
Characteristic 

OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 1.0 mAdc, IE = 0) 
Collector-Base Breakdown Voltage (Ic = 0.1 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage (If = 50 Adc, Ic = 0) 
Collector Cutoff Current (Vcp = 8.0 Vdc, IE = 0) 
ON CHARACTERISTICS 

DC Current Gain (Ic = 30 mAdc, VcE = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 































Collector-Base Capacitance (Vcp = 6.0 Vde, IE = 0, f = 1.0 MHz) | Cp | — | o7 | 


Current-Gain — Bandwidth Product 





| Mierycao | 20 
| Vereso | 25 | 
| tcp | = 


fy = 8.0 GHz @ 50 mA 
NF = 1.0 dB @ 500 MHz 
NF = 1.5 dB @ 1.0 GHz 


NF = 2.5 dB @ 2.0 GHz 
HIGH-FREQUENCY 
TRANSISTORS 
NPN SILICON 


eC 


CASE 317, STYLE 2 
MACRO-X 








ee ee ae 


[werceo | 10 | 2 | Ve 
ee ie ee 
eer | een | Nee, 
| = | to nace | 





(VCE = 8.0 Vde, Ic = 50 mA, f = 1.0 GHz) 
FUNCTIONAL TESTS \ 


f=0.5 GHz 
f= 1.0 GHz 


Gain @ Noise Figure 
(i¢ = 10 mAdc, VcE = 6.0 Vde) 


Noise Figure 
(ic = 10 mAdc, VCE = 6.0 Vdc) 


NOTE: 


1. Case temperature measured on collector lead immediately adjacent to body of package. 
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g ae id eae CE 
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5 ees Bees 
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8 Ee a Wa RF ee 
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Veb, COLLECTOR-BASE VOLTAGE (Vdc) Vpe, BASE-EMITTER VOLTAGE (Vdc) 
Figure 1. Cop, Collector-Base Capacitance Figure 2. Cjp, Input Capacitance 
versus Voltage versus Emitter Base Voltage 
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Figure 3. Gain at Noise Figure and Noise Figure Figure 4. Gain at Noise Figure and Noise Figure 
versus Frequency versus Collector Current 
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fy, CURRENT GAIN-BANDWIDTH PRODUCT (GHz) 
GaMAX, MAXIMUM AVAILABLE GAIN (dB) 





ic, COLLECTOR CURRENT (mA) 


Figure 5. fy, Current Gain-Bandwidth Product 
versus Collector Current 





Pout, OUTPUT POWER (dBm) 
“+ 
GS 


Gymax AND |S24|2 GAIN (dB) 





Ta t= 500 Miz 3RD ORDER PRODUCTS 
+5 
, P_stoome | 


-10 -5 +45 +10 «+15 +20 +25 +30 +35 +40 
Pin, INPUT POWER (dBm) 


Figure 7. 1.0 dB Compression Point 
and Third Order Intercept 
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Figure 6. Gamax, Maximum Available Gain 
versus Frequency 
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Figure 8. Gymax and |$24/2 
versus Frequency 
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—j50 


Figure 9. Input/Output Reflection Coefficients Figure 10. Forward/Reverse Transmission 
versus Frequency (GHz) Coefficients versus Frequency (GHz) 
VCE = 6.0 V, Ic = 5.0 mA VCE = 6.0 V, Ic = 5.0 mA 





Table 1. Common Emitter S-Parameters 
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a 
Po [| 15 [7s] 22 [osecioe | 


VcE =6.0 V, Ic = 5.0 mA 
— REGION OF INSTABILITY 
VcE = 6.0 V, Ig = 5.0 mA 
=1. IZ 


f = 500 MHz 











Figure 11. Constant Gain and Noise Figure Contours 
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RFC REC 








RF 
OUTPUT 
Ci, C4, C5, C6, C8, C9 — 100 pF Chip Capacitor TL1, TL7, TL8 — Microstrip 0.162” x 0.600” 
C2, C3 — 0.8—8.0 pF Johanson Capacitor TL2— Microstrip 0.162” x 1.060” 
C7, C10 — 10 wF Tantalum Capacitor TL3 — Microstrip 0.162” x 0.700” 
Ri — 1.0 kOhms Res. TL4, TL5 — Microstrip 0.162” x 0.440” 
RFC — VK-200, Ferroxcube 5 TL6 — Microstrip 0.162” x 1.140” 
FB — Ferrite Bead, Ferroxcube 56-590-65/3B TL8, TL9 — Microstrip 0.020” x 2.130” 
Board Material — 0.0625” Glass Teflon, e, = 2.55 
Figure 12. Test Circuit Schematic 
MRF571 MOTOROLA RF DEVICE DATA 


2-400 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


MRF581 


The RF Line 
NPN Silicon MRF581A 


High-Frequency Transistors 


... designed for high current low power amplifiers up to 1.0 GHz. Ig = 200 mA 
e Low Noise (2.0 dB @ 500 MHz) LOW NOISE 


e Low Intermodulation Distortion sod leben My 
e High Gain 


NPN SILICON 
e State-of-the-Art Technology 
Fine Line Geometry 
Arsenic Emitters 
Gold Top Metallization 
Nichrome Thin-Film Ballasting Resistors 
« Excellent Dynamic Range 


e Fully Characterized 


e High Current-Gain Bandwidth Product 
(f¢ = 5.0 GHz @ Ic = 75 mA) 











CASE 317, STYLE 2 
MRF581,A 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 
Thermal Resistance @JC (1) 








Thermal Resistance 6JC (2) 


Total Device Dissipation @ Tc = 50°C 
Derate above Tc = 50°C 





Total Device Dissipation @ To = 25°C (1) 
Derate above Tc = 25°C 


Operating and Storage Junction Temperature Range TJ, Tstg — 65 to +150 °C 


NOTES: 


1. Case temperature measured on collector lead immediately adjacent to body of package. 
2. Part mounted on 0.062” G10 board material, collector pad area 110 x 700 mils. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


P Characteristic OT Sambo fin Tye | ae | Unt 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage MRF581 V(BR)CEO 18 
(Ic = 1.0 mAdc, Ip = 0) MRF581A 15 
6 
5 


Collector-Base Breakdown Voltage MRF581 V(BR)CBO 3 
(I¢ = 1.0 mAdg, IE = 0) MRF581A 30 


Emitter-Base Breakdown Voltage (IE = 0.1 mAdc, Ic = 0) V(BR)EBO 2. 





Collector Cutoff Current (Vcp = 15 Vdc, IE = 0) 
ON CHARACTERISTICS 


DC Current Gain (1) MRF581 hreE 
(Ic = 50 mAdc, VcE = 5.0 Vdc) MRF581A 
DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance (Vcp = 10 Vdc, IE = 0, f = 1.0 MHz) 










FUNCTIONAL TESTS 


Noise Figure MRF581 
(Ic = 50 mAdc, VoE = 10 Vdc, f = 0.5 GHz) MRF581A 


Cob 
ft 
NF 
Power Gain at Optimum Noise Figure MRF581,A GNF 
(Ic = 50 mAdc, VcE = 10 Vdc, f = 0.5 GHz) 
Maximum Unilateral Gain MRF581,A (2) Gu max 
(Ic = 75 mAdc, VcE = 10 Vde, f = 0.5 GHz) 


intermodulation Distortion MRF581,A (3) IMD(d3) 
(VCE = 10 V, Ic = 75 MA, Vout = +50 dBmvV) 


NOTES: 
1. 300 ps pulse on Tektronix 576 or equivalent. 


Current-Gain Bandwidth Product (2) 
(ic = 75 mAdc, VcE = 10 Vde, f = 1.0 GHz) 





2. Characterized on HP8542 Automatic Network Analyzer. 1So4 (2 
3. 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone reference. Gumax = a 
(1-184 41)(1 -ISza!?) 
MRF581eMRF581A MOTOROLA RF DEVICE DATA 


2-402 


C, CAPACITANCE (pF) 
C, CAPACITANCE (pF) 





Ee ai ed a 


8 10 
Vep, EMITTER-BASE VOLTAGE (VOLTS) Veb, COLLECTOR-BASE VOLTAGE (VOLTS) 
Figure 1. Cip Input Capacitance versus Voltage Figure 2. Ccp, Cop Collector-Base Capacitance 
versus Voltage 
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Figure 3. Gain-Bandwidth Product versus Figure 4. 3rd Order Intercept Point 
Collector Current 
MOTOROLA RF DEVICE DATA MRF581eMRF581A 


2-403 


Gn, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


Gn, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 





MRF581,A TYPICAL PERFORMANCE 


@ (Sail? | 
Umax* (]54412)(1= (Sea) me 


05 07 1 5 
f, FREQUENCY au 


Figure 5. Gy max — Maximum Unilateral Gain, 
IS4l2 versus Frequency 
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Figure 7. Noise Figure and Gain Associated 
with Noise Figure versus Frequency 





Ic, COLLECTOR CURRENT (mA) 


Figure 9. Noise Figure and Gain Associated 
with Noise Figure versus Collector Current 


MRF581¢MRF581A 
2-404 


NF, NOISE FIGURE (dB) 


NF, NOISE FIGURE (dB) 


GAIN (dB) 


Gy, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


Gn. GAIN ASSOCIATED WITH NOISE FIGURE (dB) 
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f, FREQUENCY (GHz) 


Figure 6. GA max, Maximum Available Gain 
versus Frequency 
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Figure 8. Noise Figure and Gain Associated 
with Noise Figure versus Collector Current 
f = 500 MHz 
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Figure 10. Noise Figure and Gain Associated 
with Noise Figure versus Collector Current 


NF, NOISE FIGURE (dB) 


NF, NOISE FIGURE (dB) 


MOTOROLA RF DEVICE DATA 


VcE=10V 





Figure 11. Input/Output Reflection Figure 12. Forward/Reverse Transmission 
Coefficient versus Frequency Coefficients versus Frequency 
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Table 1. MRF581,A Common Emitter S-Parameters 
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Circuit Per Figure 14 
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Figure 13. MRF581 Constant Gain Contours Noise Figure Contours 


RFC 


RFC 





RF 
OUTPUT 

C1, C4, C5, C6, C8, C9 — 1000 pF Chip Capacitor TL1, TL7, TL8 — Microstrip 0.162” x 0.600” 

C2, C3 — 1.0~—10 pF Johanson Capacitor TL2 — Microstrip 0.162” x 1.000” 

C7, C10 — 10 uF Tantalum Capacitor TL3 — Microstrip 0.162” x 0.800” 

Ri — 1.0 kQ Res. TL4 — Microstrip 0.162” x 0.440” 

RFC — VK-200, Ferroxcube TL5 — Microstrip 0.120” x 0.440” 

FB — Ferrite Bead, Ferroxcube, 56-590-65/3B TL6 — Microstrip 0.120” x 1.160” 

Board Material — 0.0625” Thick Glass Teflon e, = 2.55 TL9, TL10 — Microstrip 0.025” x 4.250” 

Figure 14. MRF581 Test Fixture Schematic 
MRF581eMRF581A MOTOROLA RF DEVICE DATA 


2-406 


MOTOROLA 
= SEMICONDUCTOR Sox 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistor 


. .. designed for use in high-gain, low-noise, ultra-linear, tuned and wideband 


amplifiers. Ideal for use in CATV, MATV, and instrumentation applications. NF = 3.0 dB @ 0.5 GHz 
. : HIGH-FREQUENCY 
e Low Noise Figure — TRANSISTOR 


NF = 3.0 dB (Typ) @ f = 500 MHz, Ic = 90 mA NPN SILICON 


e High Power Gain — 
Gu(max) = 16.5 dB (Typ) @ f = 500 MHz 


e lon Implanted 
e All Gold Metal System 
e High ff — 5.5 GHz 


e Low Intermodulation Distortion: 
TB3 =—-70 dB 
DIN = 125 dB pV 


e Nichrome Emitter Ballast Resistors 











MAXIMUM RATINGS 


ic 
Derate above Tc = 50°C 


| 

i 

CASE 244A, STYLE 1 

it 

| 

ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) | 
i 

| 

i 

i 





OFF CHARACTERISTICS 









[Characins Symbot [in [tye [mex [Unt 
Collector-Emitter Breakdown Voltage 


V(BR)CEO 17 Vde 
(Ic = 5.0 mAdc, Ip = 0) ; 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 1.0 mAde, IF = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ic = 0, IE = 0.1 mAdc) 
Collector Cutoff Current : IcBo pAdc 
(Vop = 10 Vde, IE = 0) 







ON CHARACTERISTICS 
DC Current Gain (1) hee 
(Ic = 50 mAdc, VcE = 5.0 Vdc) 
NOTE: (continued) 


1. 300 ps pulse on Tektronix 576 or equivalent. 





MOTOROLA RF DEVICE DATA MRF587 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


DYNAMIC CHARACTERISTICS 






Current-Gain — Bandwidth Product (2) fr 
(I¢ = 90 mAdc, VcE = 15 Vde, f = 0.5 GHz) 
Collector-Base Capacitance Cob 1.7 pF 
(Vop = 10 Vde, IE = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS 


Narrowband — Figure 15 
(Ic = 90 mA, Voc = 15 V, f = 0.5 GHz) 
Noise Figure 
Power Gain at Optimum Noise Figure 
Broadband — Figure 16 
(Ic = 90 mA, Voc = 15 V, f = 0.3 GHz) 
Noise Figure 
Power Gain at Optimum Noise Figure 


Triple Beat Distortion 
(Ic = 50 mA, Voc = 15 V, Pref = 50 dBmvV) 
(Ic = 90 mA, Voc = 15 V, PRef = 50 dBmvV) 
DIN 45004 
(Ic = 90 mA, Voc = 15 V) 
(I¢ = 90 mA, Voc = 15 V) 


: Maximum Available Power Gain (3). Gumax 
(Ic = 90 MA, VCE = 15 Vde, f = 0.5 GHz) 
NOTES: 


2. Characterized on HP8542 Automatic Network Analyzer 


($2412 
3.G = 
Umax (4184412)(1 1820!) 





NF, NOISE FIGURE (dB) 


NF, NOISE FIGURE (<8) 
ort nD OL A DN DW CO 
Gye, GAIN AT NOISE FIGURE (dB) 





0 
od 0.2 03 05 Of 0.910 
f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 


Figure 1. Typical Noise Figure and Figure 2. Noise Figure versus Collector Current 
Associated Gain versus Frequency 





MRF587 MOTOROLA RF DEVICE DATA 
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fy, GAIN-BANDWIDTH PRODUCT (GHz) 


Gumax: MAXIMUM AVAILABLE POWER GAIN (dB) 





Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


Figure 3. GUmax versus Collector Current Figure 4. Gain-Bandwidth Product versus 
Collector Current 


TYPICAL PERFORMANCE 


NF, NOISE FIGURE (48) 
CAPACITANCE (pF) 





Io, a icon Smet ar Vcp, COLLECTOR BASE VOLTAGE (V) 
Figure 5. Broadband Noise Figure Figure 6. Junction Capacitance versus Voltage 
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Figure 7. 1.0 dB Compression Point versus Figure 8. Third Order Intercept Point 


Collector Current 
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TYPICAL PERFORMANCE (continued) 


IMD, DISTORTION (dB) 


Ic, COLLECTOR CURRENT (mA) 


Figure 9. Second Order Distortion versus 
Collector Current 
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FIGURE 16 
TEST PER FIGURE 19 


XMD35, DISTORTION (dB) 


Ic, COLLECTOR CURRENT (mA) 


Figure 11. 35-Channel X-Modulation Distortion 
versus Collector Current 


MRF587 
2-410 








TBg, DISTORTION (dB) 





\c, COLLECTOR CURRENT (mA) 


Figure 10. Triple Beat Distortion versus 
Collector Current 


Veet» OUTPUT VOLTAGE (dB V) 





Ic, COLLECTOR CURRENT (mA) 


Figure 12. DIN 45004B versus Collector Current 


MOTOROLA RF DEVICE DATA 


VcE=15V Ic =90mA 


x) 


[I's 
VL 


RA 











Figure 13. Input/Output Reflection Figure 14. Forward/Reverse Transmission 
Coefficient versus Frequency (GHz) Coefficients versus Frequency (GHz) 





(continued) 


Table 1. Common-Emitter S-Parameters 
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MRF587 
2-412 


Table 1. Common-Emitter S-Parameters (continued) 


Ri 


C1, C2 — 470 pF Chip (Ceramic) 

C3, C4 — 0.018 yF Chip Capacitor 

C5, C6 — 0.1 nF Mylar 

C7, C8 — 1.0 pF, 25 Vdc Electrolytic 

C9 — 91 pF Mini-Unelco (C9 Taped 3.68 cm from 

Collector Connection on TL4 as shown) 

C10 — 35-45 pF Johanson Ceramic Capacitor, JMC 
5801 or Equivalent (C10 Taped 3.12 cm from 
Base Connection on TL1) 


RFC1 


RF 
2 Y2 ~ OUTPUT 


R1 — 2.7 kQ, 1-1/2 W 

RFC1 — 0.15 pH Molded Choke 

TL1, TL2 — Zp = 26 Q, 0.0625 TFG as shown in 
Photomaster 

TL3, TL4 — 2/4 Microstrip, Zp = 100 Q 

Yi, Y2— N-Type Connection (Female) 

Y3, Y4 — BNC-Type Connector (Female) 

Board Material — 0.0625” Thick Glass Teflon €, = 2.5 


Figure 15. Narrowband Test Fixture Schematic 
500 MHz 





MOTOROLA RF DEVICE DATA 


RF 
INPUT 


C1 


C1, C7 —0.5-10 pF 

C2, C6 — 0.001 pF 

C3 — 0.01 uF 

C4, C5 — 0.01 pF Feedthru 
C8 — 12 pF 


Figure 16. Broadband Test Circuit Schematic 


DISTORTION 


UNMODULATED 
CARRIER 


100% 
MODULATION 


Figure 19. Cross Modulation Distortion Test 


MOTOROLA PF DEVICE DATA 








Voo=15V 











Pg=11dB 
f= 5-375 MHz 
Zy=75.Q2 
AF 
OUTPUT 
C7 














Ri — 12 Q 1.0 W (2.0—24 Q on each emitter port) 
R2— 1.8k 1/8 W 

R3— 2.2k 1/8 W 

Li— 1 Turn 0.012 dia #22 AWG 

T1(1) — 5 Tums Tapped at 2 Turns, #30 AWG 
T2(1) — 8 Tums Tapped at 3 Turns, #30 AWG 


(1) Ferroxcube 135 CT050 3D3 Material 


DISTORTION 














Figure 20. DIN 45004B Intermodulation Test 
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MOTOROLA 


= SEMICONDUCTOR jus 
TECHNICAL DATA 


The RF Line MRFG41 
NPN Silicon 
RF Power Transistor 


. .. designed for 12.5 Volt UHF large-signal amplifier applications in industrial 15 W, 470 MHz 

and commercial FM equipment operating to 512 MHz. CONTROLLED Q 

Specified 12.5 Volt, 470 MHz Characteristics — RF POWER 
Output Power = 15 Watts TRANSISTOR 


Minimum Gain = 7.8 dB alee rpm 
Efficiency = 55% 
e Characterized with Series Equivalent Large-Signal Impedance Parameters 
e Built-In Matching Network for Broadband Operation 


e Tested for Load Mismatch Stress at all Phase Angles with 20:1 VSWR @ 
16-Volt High Line and Overdrive 


















MAXIMUM RATINGS 





; Rating 
Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 









THERMAL CHARACTERISTICS 

Symbol [Max ut 
[ennai Resistance, inciontoGase———SSSSSCSCS~CiR PSC 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless othemise noted.) 
[Gharacterste «Symbol [min] ye [Max [Unt 
OFF CHARACTERISTICS 










Collector-Emitter Breakdown Voltage V(BR)CEO 16 Vde 
(Ig = 20 mAde, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ig = 20 mAde, VBE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 5.0 mAdg, Ig = 0) 
Collector Cutoff Current IcES 
(VcE = 15 Vde, VBE = 0, To = 25°C) 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[haractonane SY Symbot [mine[Mee[O 


ON CHARACTERISTICS 


DC Current Gain 70 
(Ig = 1.0 Ade, VogE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 
Output Capacitance 


(Vcp = 12.5 Vde, Ie = 0, f= 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 7.8 
(Vcc = 12.5 Vde, Pout = 15 W, f = 470 MHz) 
Collector Efficiency 
(Voc = 12.5 Vde, Pout = 15 W, f = 470 MHz) 


Output Mismatch Stress 
(Voc = 16 Vde, Pin = 3.0 W, f = 470 MHz, 
VSWR = 20:1, All Phase Angles) 




















No Degradation in Output Power 





RFC1 
—_— Cio Voc 12.5V 








C12 RF OUTPUT 
RF INPUT Habk< 
o> 
<—O 














PARTS NOTES 
Z1 — 1.225” x 0.187” Microstrip C1, C2 — 0.8-10 pF Johanson *C5, C6, are mounted as close to the capacitor 
22 — 0.884” x 0.187” Microstrip C3, C4 — 24 pF Chip Caps 100 mils ATC assembly as possible. 
Z3 — Capacitor Block (Base) C5, C6 — 22 pF Chip Caps 100 mils ATC ++C3, C4 are mounted in the capacitor assembly. 
Z4 — Collector Block C12 — 220 pF Chip Cap 100 mils ATC Board — 62.5 mil Glass Teflon, e, = 2.55. 
25 — 1.1” x 0.187” Microstrip C7, C11 — 1.0 pF Tantalum 35 Vde 
. 26 — 0.433” x 0.187” Microstrip C9, C10 — 680 pF Feedthrough Allen-Bradley 
Z7 — 0.4” x 0.187” Microstrip C13 — 200 pF UNELCO 
” C8 — 0.1 uF, 50 V Erie Red Cap 
Dotted Area — Capacitor Assembly RECy — yK 200 — 104B Ferrite Choke 





L1— 4 Turns 0.2” Dia. #16 AWG 
L2— 9 Turns 0.15” Dia. #16 AWG 


Bead — Ferroxcube 56-590-65-35EB 


Figure 1. Test Circuit Schematic 
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Figure 4. Power Output versus Supply Voltage Figure 5. Power Saturation Profile 
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ZoL* = Conjugate of the load impedance into which the device output operates at a given power, n, and frequency. 


Figure 6. Series Equivalent Input-Output Impedance 
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Figure 7. Test Circuit 





SCALE 0.75:1 


Figure 8. Photomaster 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line  MRFG44 
NPN Silicon 


RF Power Transistor 


... designed for 12.5 Volt UHF large-signal amplifier applications in industrial 25 W, 470 MHz 

and commercial FM equipment operating to 512 MHz. CONTROLLED Q 

e Specified 12.5 Volt, 470 MHz Characteristics — RF POWER 
Output Power = 25 Watts TRANSESTOR 


Minimum Gain = 6.2 dB Pea eOn 
Efficiency = 60% 
e Characterized with Series Equivalent Large-Signal Impedance Parameters 
e Built-In Matching Network for Broadband Operation 


e Tested for Load Mismatch Stress at all Phase Angles with 20:1 VSWR @ 
16-Volt High Line and 50% Overdrive 



















MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 








Storage Temperature Range 


THERMAL CHARACTERISTICS 
ee 
“cw 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Characteristic i SSembol “| win | p< Mex [Unt 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 20 mAde, Ip = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 20 mAde, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mAdc, Ic = 0) 

Collector Cutoff Current ICES 
(VCE = 15 Vde, VBE = 0, To = 25°C) 





(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Characins [Sambi ee [Oa 


ON CHARACTERISTICS 


DC Current Gain FE 70 
(Ic = 4.0 Ade, VoE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob | 
(Vcp = 12.5 Vde, IE = 0, f = 1.0 MHz) { 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 12.5 Vde, Pout = 25 W, Ic (MAX) = 3.6 Adc, f = 470 MHz) 


Input Power 
(Voc = 12.5 Vde, Pout = 25 W, f = 470 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 25 W, Ic (MAX) = 3.6 Adc, f = 470 MHz) 


Output Mismatch Stress 
(Voc = 16 Vde, Pip = Note 1, f= 470 MHz, 
VSWR = 20:1, All Phase Angles) . 
Series Equivalent Input Impedance i 
(Voc = 12.5 Vde, Pout = 25 W, f = 470 MHz) 


Series Equivalent Output Impedance 
(Vcc = 12.5 Vde, Pout = 25 W, f = 470 MHz) 


NOTES: 
1. Pin = 150% of Drive Requirement for 25 W Output at 12.5 Vdc. 


* y= Mismatch stress factor — the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch stress 
test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 





RFCi 


C12 C13 14 





C1, C2, C7, C8 — 1.0—20 pF Johanson Variable C12, C13 — 680 pF Feedthrough Z3 — 0.20” x 0.20” Microstrip 
C3 — 27 pF 100 mil ATC L1 — 5” #22 AWG 0.100” ID 24, Z5 — 1/2” #18 AWG bent ina 
C4 — 30 pF 100 mil ATC L2— 5” #20 AWG 0.187” ID “Vv” shape 1/8” Wide 
C5, C6 — 33 pF 100 mil ATC RFC1 — Ferroxcube VK200-20-4B Z6 — 0.20” x 0.20” Microstrip 
C9 — 250 pF 100 mil ATC B — Ferroxcube Bead 56-590-65-3B Z7 — 0.70” x 0.20” Microstrip 
C10 — 100 pF UNELCO Z1 — 0.25” x 0.20” Microstrip Z8 — 0.33” x 0.20” Microstrip 
C11, C14 — 1.0 uF 35 V TANTALUM 22 — 1.63” x 0.20” Microstrip Z9 — 0.50” x 0.20” Microstrip 


Board — 62.5 mil Glass Teflon, er = 2.55 
Figure 1. Test Circuit Schematic 
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f=470 MHz 


Pout, POWER OUTPUT (WATTS) 
Pout. POWER OUTPUT (WATTS) 





Pin, POWER INPUT (WATTS) {, FREQUENCY (MHz) 


Figure 2. Power Output versus Power Input Figure 3. Power Output versus Frequency 


Pout, POWER OUTPUT (WATTS) 
Pout, minus Pip, (WATTS) 





oF 6 8 10 12 14 16 18 20 
Voc, SUPPLY VOLTAGE (VOLTS) Pin, POWER INPUT (WATTS) 
Figure 4. Power Output versus Supply Voltage Figure 5. Power Saturation Profile 
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FREQUENCY 
MHz 


"T4560 1.21 + 53.47 | 1.76 + 71.96 
470 1.21 + j3.25 | 1.90 + j2.14 
_ B12 7.06 + j2.09 | 1.96 + j2.34 


Zo_* = Conjugate of the optimum load impedance into which the device output 
operates at a given output power, voltage and frequency. 



































Figure 6. Series Equivalent Input-Output impedance 
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Figure 7. MRF644 Test Fixture 








MRF644 TEST CKT. 8/75 REV. 01 





SCALE 0.75:1 


Figure 8. Printed Circuit Board 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


. .. designed for 12.5 Volt UHF large-signal amplifier applications in industrial 
and commercial FM equipment operating to 520 MHz. 50 W, 512 MHz 


e Guaranteed 440, 470, 512 MHz 12.5 Volt Characteristics We Pepa 
Output Power = 50 Watts NPN SILICON 
Minimum Gain = 5.2 dB @ 440, 470 MHz 
Efficiency = 55% @ 440, 470 MHz 
IRL = 10 dB 


e Characterized with Series Equivalent Large-Signal Impedance Parameters 
from 400 to 520 MHz 


e Built-In Matching Network for Broadband Operation 

e Triple fon Implanted for More Consistent Characteristics 
e Implanted Emitter Ballast Resistors 

e Silicon Nitride Passivated 


¢ 100% Tested for Load Mismatch Stress at all Phase Angles with 20:1 
VSWR @ 15.5 Vdc, 2.0 dB Overdrive 



















MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





Storage Temperature Range 


THERMAL CHARACTERISTICS 
[harass *dYSCS [CC 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, VBE = 0) V(BR)CES 


Emitter-Base Breakdown Voltage (Ig = 10 mAdc, Ic = 0) VRBO | 4.0 | 


Collector Cutoff Current (VcE = 15 Vde, Vae = 0, Tc = 25°C) 


ON CHARACTERISTICS 
DC Current Gain (ig = 5.0 Adc, VOR = 5.0 Vado) Pome | 20 | | eo | 


DYNAMIC CHARACTERISTICS 


Oubput Gapactance (Voa = 125 Vée ie =O f= 10M) [Cop [| _— [8 | 70 | oF | 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Characins Sabot [win [ve [wee [ne] 


FUNCTIONAL TESTS (in Motorola Test Fixture. See Figure 1.) 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 50 W, f = 440, 470 MHz) 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 50 W, f = 512 MHz) 


Input Return Loss 
(Voc = 12.5 Vde, Pout = 50 W, f = 440, 470, 512 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 50 W, f = 440, 470 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 50 W, f = 512 MHz) 


Output Mismatch Stress 
(Voc = 15.5 V, 2.0 dB Overdrive, f = 470 MHz, 
VSWR = 20:1, All Phase Angles) (1) 


NOTES: 
1. Pin = 2.0 dB above drive requirement for 50 W output at 12.5 Vdc. 
2. y= Mismatch stress factor —the electrical criterion established to verify the device resistance to load mismatch failure. The mismatch stress 
test is accomplished in the standard test fixture (Figure 1) terminated in a 20:1 minimum load mismatch at all phase angles. 











RF 
OUTPUT 
RF INPUT 502 
502 
B1, B8 — Ferrite Bead Ferroxcube VK200 20-4B TLi, TL12 — Zp = 50 Ohm 
B2, B3, B4, B5, B6, B7 — Ferrite Bead Ferroxcube #56-590-3B TL2— See Photomaster 
C1, C8 — 10 uF, 25 V, 25%, Electrolytic, ECS TE-1204 TL3 — See Photomaster 
C2, C7 — 1000 pF, Chip Cap, 5%, ATC 100B102JC50 TL4 — See Photomaster 
C3, C6 — 91 pF, 5%, Mica, SAHA 3HS0006-91 TL5 — See Photomaster 
C4, C5, C12, C13 — 36 pF, 5%, SAHA 3HS0006-36 TL6 — See Photomaster 
C9, C16 — 220 pF, Chip Cap, 5%, ATC 100B221JC200 TL7 — See Photomaster 
C10, C11, C15 — 0.8-10 pF, Variable, Johanson JMC501 PG26J200 TL8 — See Photomaster 
C14 — 1.0-20 pF, Variable, Johanson JMC5501 PG26J200 ere apap einen lh 
L1, L2—3 Tums, 18 AWG, 0.19" ID — Total Length 3.5” Thi See Photomestar 
N1, N2 — N Coaxial Conn., Omni-Spectra 3052-1648-10 Transmission Line Boards: 1/16” Glass-Teflon 
R1, R2— 10 Ohm, 10%, 1.0 W, Carbon, RCA 831010 Keene GX-0600-55-22 
2.0z. Cu Clad Both Sides 
ep = 2.55 
Bias Boards: 1/16” G10 or Equivalent 
2 0z. Cu Clad Double Sided 
Figure 1. 440 to 512 MHz Broadband Test Circuit Schematic 
MOTOROLA RF DEVICE DATA MRF650 
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Pp, OUTPUT POWER (WATTS) 
8 8 8 & 8 





COC Peete 





ie oS 
0 ‘eh eee ease eee 
0 12 16 «200 282 400 420 440 460 480 500 520 
Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 





ae eae a rossow | & 
g Pes OO ie 
g Eo —t |, 5 
Poet eeeeee | 
2 5 6 =e 3 
S Sle ee ee abs 
ees ale tee 

a 

Voc, SUPPLY VOLTAGE (VOLTS) {, FREQUENCY (MHz) 
Figure 4. Output Power versus Supply Voltage Figure 5. Broadband Performance for Po = 50 W 


Po = 50W, Vee = 12.5 Vde 


TUNED FOR MAXIMUM 
GAIN AT Py = 50 W 





f Zin Zo.* 
(MHz) a Q 
400 | 0.7 + j28 | 14+ j23 
440 | 0.7 + j32 | 114 j26 
470 | 08 + j33 | 08 + j27 
512 | 0.8 + j32 | 07 + j29 
520 | 0.7 + j20 | 0.6 + j30 























Zo_* = Conjugate of optimum load 
impedance into which the 
device operates at a given 
output power, voltage and 

Figure 6. Input and Output Impedance Normalized to 10 Ohms frequency. 
Circuit Tuned for Maximum Gain @ Po = 50 
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Vre BIAS BOARD COLLECTOR BIAS BOARD 


= 2 
i 











MRF650 
une over 
INPUT LINE 
Golae GX-0600-55 


228 
GX-0600-55 nee 


& = 2.55 


SCALE 0.75:1 
RF INPUT BOARD RF OUTPUT BOARD 





Figure 7. Photomaster for Broadband Test Circuit 





Figure 8. 440-512 MHz Broadband Test Circuit 
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Ni 


Pout, OUTPUT POWER (WATTS) 


YY _| 
anaes | 


0 5 





(440-512 MHz) 





Bi, B2 — Ferrite Bead Fair Rite Products Corp. 
B3 — Ferrite Bead Fair Rite Products Corp. 

C2, C11 — 820 pF, 5% 

C3, C10 — 91 pF, 5%, Mica, SAHA 3HS0006-91 
C1, C12 — 220 pF, 5%, Murata Erie 

C4 — 9.1 pF, 5%, Murata Erie 

C5, C6, C7, C8 — 43 pF, 5%, Mica SAHA 3HS0006-43 
C9 — 10 pF, 5%, Murata Erie 

C13 — 10 uF, Electrolytic, 50 V, Panasonic 
L1— 7 Turns, 24 AWG, ID Dia. 0.116” 

L2— 5 Turns, 18 AWG, ID Dia. 0.165” 


Ni, N2— SMA Flange Mount, Omni-Spectra 2052-1618-02 


Ri, R2, R3, R4 


N2 


Ri, R2, R38, R4 — 39 Ohm 1/8 W 5% Rohm 


TLI — Zp = 50 Ohm 
TL2 — Zp = 50 Ohm 
TL3 — Zp = 50 Ohm 
TL4 — See Photomaster 
TL5 — Zp = 50 Ohm 
TL6 — See Photomaster 
TL7 — See Photomaster 
TL8 — See Photomaster 
TL9 — See Photomaster 
TL10 —Z_ = 50 Ohm 
TL11 — See Photomaster 
TL12 — Zp = 50 Ohm 
TL13 — Zp = 50 Ohm 
TL14 — Zp = 50 Ohm 


Board Material: 1/16” G10, e, = 4.5 
2.0z. Cu Clad Both Sides 


Figure 9. Schematic of Broadband Demonstration Amplifier (3) 


PERFORMANCE CHARACTERISTICS OF 
BROADBAND DEMONSTRATION AMPLIFIER 


Pout. OUTPUT POWER (WATTS) 


Vac = 12.5 Vde 


10 15 20 25 30 35 40 
Pin» INPUT POWER (WATTS) 


Figure 10. Output Power versus Input Power 


(3) Detailed design and performance information available from Motorola upon request. 


MRF650 
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Nc, COLLECTOR EFFICIENCY (%) 


VSWR 


f, FREQUENCY (MHz) 


Figure 11. Po, n¢ and VSWR versus Frequency 





MOTOROLA RF DEVICE DATA 





SCALE 0.75:1 








Figure 12. 440—512 MHz Broadband Figure 13. Photomaster for 440-512 MHz 
Demonstration Amplifier Broadband Demonstration Amplifier 
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MOTOROLA 
= SEMICONDUCTOR 2 
TECHNICAL DATA 


The RF Line MRF652 
NPN Silicon MRF652S 
RF Power Transistors 


. . designed for 12.5 Vde UHF large-signal, amplifier applications in industrial 


and commercial FM equipment operating to 512 MHz. 5.0 W, 512 MHz 

e Guaranteed 12.5 Volt, 512 MHz Characteristics RF POWER 
Output Power = 5.0 Watts TRANSISTORS 
Minimum Gain = 10 dB NPN SILICON 





Efficiency = 65% (Typ) 
Typical Performance at 870 MHz, 12.5 V, 5.0 W Output = 6.0 dB 
Series Equivalent Large-Signal Characterization 
Gold Metallized, Emitter Ballasted for Long Life and Reliability 
Capable of 30:1 VSWR Load Mismatch at 15.5 V Supply Voltage 


eee 


MAXIMUM RATINGS 


Sybo 


Ic 
Total Device Dissipation @ Tc = 25°C 25 
Derate above 25°C 1 
Storage Temperature Range —65 to +150 
Operating Junction Temperature | Ty | 200 | 


CASE 244, STYLE 1 
MRF652 





eS 


CASE 249, STYLE 1 
Thoral sistance Juncon © Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


p haracterintic Symbol ine | Max | Unt 


THERMAL CHARACTERISTICS 


Characteristic 





OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 


V(BR)CEO Vde 

(Ic = 25 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 25 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 25 mAdc, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 5.0 mAdc, Ic = 0) 

Collector Cutoff Current IcES 
(VCE = 15 Vde, Vee = 0) 


















ON CHARACTERISTICS ; 
DC Current Gain hee 
(I¢ = 200 mAdc, VcE = 5.0 Vde) 
(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


SO 


DYNAMIC CHARACTERISTICS 


f=512 MHz 


FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain Gpe 
(Vcc = 12.5 Vde, Pout = 5.0 W) f = 870 MHz 
Collector Efficiency n % 
(Voc = 12.5 Vde, Poyt = 5.0 W, f = 512 MHz) 
Load Mismatch y 


(Vcc = 15.5 Vde, Pip = 500 mW, f = 512 MHz, 
VSWR = 30:1, At All Phase Angles) 





















No Degradation in Output Power 














B1, B2, B3 — Ferrite Bead C8 — 68 pF Mini-Underwood Mica 

C1 — 7.0 pF Unelco Mica C9 — 1.0 uF Electrolytic 25 V 

C2 — 1.0—6.0 pF Johanson Variable 5201 C10, C11 — 5.0 pF Unelco Mica 

C3 — 15 pF Unelco Mica C12 — 1.0—10 pF Johanson Variable 5501 

C4 — 43 pF Mini-Underwood Mica L1, L2 —6 Turns, 20 AWG Wire 0.125” ID 

C5 — 56 pF Mini-Underwood Mica 21, Z2 — 25 Ohm uStripline (See Photo-Mask — Figure 7) 

C6 — 1000 pF Unelco Mica 23, Z4, Z5 — 50 Ohm pStripline (See Photo-Mask — Figure 7) 
C7 — 0.1 uF Ceramic Board — 0.032” Glass-Teflon 


Figure 1. 440-512 MHz Broadband Test Circuit 
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Pout, OUTPUT POWER (WATTS) 


Pout OUTPUT POWER (WATTS) 


= 
EE 

pao 
a 

== 
—S 

ae es ee 
aa a ee 
ieee Ses ee 
en oe ee 





Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 
Nc, COLLECTOR EFFICIENCY (%) 





Voc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 4. Output Power versus Supply Voltage Figure 5. Typical Broadband Circuit Performance 








Voc = 12.5 Vde 
Pout = 5.0 W 
f Zin Zou" 
MHz Ohms Ohms 
400 1.18 + j0.54 6.7 = j6.9 
440 1.19 + j0.88 7.05 - j6.1 
470 1.19 451.11 7.6 - j5.1 





512 | 1.19+j1.35 | 8.1 -j4.1 





ZoL* = Conjugate of the optimum load 
impedance into which the device 
operates at a given output power, 
voltage, and frequency. 





Figure 6. Series Equivalent Input/Output Impedance 
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MRF652 TEST CKT ADW 


aa 
ie 





SCALE 0.75:1 


Figure 7. Photomaster Broadband Test Circuit 
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Figure 8. Broadband Test Circuit 
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MOTOROLA _. 


= SEMICONDUCTOR [ox 
TECHNICAL DATA 


The RF Line . MRF653 
NPN Silicon MRF653S 
RF Power Transistors 


. .. designed for 12.5 Volt UHF large-signal amplifier applications in industrial 
and commercial FM equipment operating to 512 MHz. 


10 W, 512 MHz 
e Specified 12.5 Volt, 512 MHz Characteristics - : RF POWER 
Output Power = 10 W _ TRANSISTORS 


Gain = 8.0 dB (Typ) NPN SILICON 
Efficiency = 65% (Typ) 
e Gold Metallized, Emitter Ballasted for Long Life and Reliability 
e Capable of 20:1 VSWR Load Mismatch at 16 V Supply Voltage 


MAXIMUM RATINGS 


Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBo 
Emitter-Base Voltage VEBO 
Collector Current — Continuous 
J 


CASE 244 


MRF653 
Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 
Storage Temperature Range 


THERMAL CHARACTERISTICS 


CASE 249 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





Sea RI ae On 
OFF CHARACTERISTICS 












[Coleorniter Breakdown Vola (G=2OmA‘G1g=0 [Venera | es [| — [| — [ve _| 
[Colector iter Breakdown Vola (G=20mAdo,Vee=0 | Veryoes | 98 | — | — | vee _| 
[Ente Base Breakdown Volage(ie= 50 mAde,i9=0) | Vineso | 40 | — | — | ve _| 
| coleser Guo Curent Voe=15VéeVee=0 ices | — | — | 0 | mae 





ON CHARACTERISTICS 

[06 Curent Gen io= 10 Ae Vor=sova) _———Ss«dC—SOe | | - | | 1 
DYNAMIC CHARACTERISTICS 

[ups Capactance Von=125ve6 e=Oi=towe) | O» | — | #2 | @ | #1 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain Gpe 7.0 
(Voc = 12.5 Vde, Pout = 10 W, f = 512 MHz) 

Collector Efficiency Ne 65 % 
(Voc = 12.5 Vde, Pout = 10 W, f = 512 MHz) 


Load Mismatch Stress y 


(Voc = 16 Vde, f = 512 MHz, Pin (1) = 2.6 W, No Degradation in Output Power 
VSWR = 20:1, All Phase Angles) 





NOTE: 
1. Pin = 2.0 dB over the typical input power required for 10 W output power @ 12.5 Vdc. 





MRF653eMRF653S MOTOROLA RF DEVICE DATA 
2-432 























Figure 1. Broadband Test Circuit 








C1, C5 — 1.0-20 pF, Johanson L1, L4 — 4-1/2 Turns, #18 AWG, 0.16” ID 
C2, C6 — 330 pF, 100 Mil ATC L2,L3 — 2 Turns, #18 AWG, 0.16” ID 

C3, C4 — 36 pF, Mini-Unelco B— Ferrite Bead, Ferroxcube 56-590-65-3B 
C7, C12 — 10 pF, 35 V, Tantalum Zi — 51 x 630 mils 

C8, C11 — 0.1 pF, Ceramic Z2 — 162 x 1300 mils 

C9, C10 — 91 pF, Mini-Unelco Z3 — 210 x 1350 mils 


Z4 — 210 x 280 mils 

Z5 — 51 x 300 mils 

Board Material — 0.032” epoxy glass G10, 1 0z., copper clad, 
double sided, er = 5 

JP1— Jumper, #14 AWG w/Banana Plugs 


Figure 2. Broadband Test Circuit Schematic 
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Figure 3. Photomaster 


Pout, OUTPUT POWER (WATTS) 
> o @ 


Pin, INPUT POWER (WATTS} 


Figure 4. Output Power versus Input Power 
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Pout, OUTPUT POWER (WATTS) 


eo FF Om @ 


6 7 8 9 10 1 
Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 6. Output Power versus Supply Voltage 
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12 #13 #14 «#15 16 


Gpe, POWER GAIN (dB) 








0 
430 440 450 460 470 480 490 500 510 520 


f, FREQUENCY (MHz) 


Figure 5. Output Power versus Frequency. 
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Pout = 10 W 
Voc = 12.5 Vde 


Nc, COLLECTOR EFFICIENCY 
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Figure 7. Typical Broadband Circuit Performance 


MOTOROLA RF DEVICE DATA 














“Ao 


Pout = 10W, Voc = 12.5 Vde 
f (MHz) Zin Zou* 
440 | 1.0 + j2.2 | 43 — j28 
470 | 1.0 + j24 | 44 — j21 
500 | 1.0 + j26 | 41 — jl7 
520 | 1.0 + j27 | 39 — j1.65 











































































































‘ ZoL* = Conjugate of optimum load imped- © - 
ance into which the device operates 
at a given output power, voltage and 
frequency. 


























Figure 8. Series Equivalent Input and Output Impedance 
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MOTOROLA 


= SEMICONDUCTOR Soe 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


... designed for 12.5 Volt UHF large-signal amplifier applications in industrial 


and commercial FM equipment operating to 512 MHz. ee 
e Specified 12.5 Volt, 512 MHz Characteristics TRANSISTOR 


Output Power = 15 W NPN SILICON 
Minimum Gain = 7.8 dB 
Efficiency = 55% 


e Built-In Matching Network for Broadband Operation 
e Gold Metallized, Emitter Ballasted for Long Life and Reliability 
e Capable of 20:1 VSWR Load Mismatch at 15.5 V Supply Voltage 









MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
OP 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 25 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 25 mAdc, VBE = 0) 








Emitter-Base Breakdown Voltage 
(lg = 5.0 mAde, Ic = 0) 
Collector-Cutoff Current 
(VcE = 15 Vde, VBE = 0) 
(continued) © 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Ee oa eee 


ON CHARACTERISTICS 


DC Current Gain hee 120 
(Ic = 1.0 Ade, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 31 pF 
(Vcp = 15 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 15 W, f = 512 MHz) 


Collector Efficiency 


(Voc = 12.5 Vde, Poyt = 15 W, f= 512 MHz) 


Load Mismatch Stress 
(Voc = 15.5 Vde, f = 512 MHz, Pin = 3.0 W, No Degradation in Output Power 
VSWR = 20:1, All Phase Angles) 





JPt ul L4 









Les 


C1, C5 — 68 pF Mini-Unelco L2, L8 — 2 Turns, #18 AWG Enamel Covered, 0.16” ID 

C2, C3 — 33 pF, Mini-Unelco B — Ferrite Bead, Ferroxcube 56-590-65-3B | 
C4 — 47 pF, Mini-Unelco Z1-Z6 — See PCB Artwork 
C6, C11 — 10 pF, 25 V Tantalum PCB — 1/32” G-10, er = 4.5 @ UHF 

C7, C10 — 0.1 pF, Ceramic Socket — See Socket Drawings 

C8, C9 — 91 pF, Mini-Unelco JP1 — Jumper, #14 AWG w/Banana Plugs 


Li, L4 — 4-1/2 Turns, #18 AWG, Enamel Covered, 0.16” ID 


Figure 1. 440-512 MHz Broadband Test Circuit 
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Pout, OUTPUT POWER (WATTS) 


0 Voc = 12.5 Vde 
470 MHz 


Pip, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 


Pout» OUTPUT POWER (WATTS) 


Voc, SUPPLY VOLTAGE (VOLTS) 


1 2 3 4 


Figure 4. Power Output versus Supply Voltage 
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Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 
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Figure 3. Output Power versus Frequency 


f, FREQUENCY (MHz) 





Figure 5. Typical Broadband Circuit Performance 
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Vec = 125 Vde, Poyt = 15W 
































c f Zin Zou" 
tht MHz Ohms Ohms 
440 | 2.7+)30 | 26—j0.5 
470 | 27+)32 | 2.6-j0.1 
490 | 2.7+)36 | 26+)02 
512 | 25+)39 | 26+j0.4 





ZoL* = Conjugate of optimum load impedance into 





which the 


device operates at a given output power, voltage and 


frequency. 














Figure 6. Series Equivalent Input and Output Impedance 
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Figure 7. 440-512 MHz Broadband Test Circuit 
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SCALE 0.75:1 





Figure 8. 440-512 MHz PCB Board Layout 
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MOTOROLA 


= SEMICONDUCTOR Sx 
TECHNICAL DATA 


The RF Line MRF658 
NPN Silicon 
RF Power Transistor 


Designed for 12.5 Volt UHF large-signal, common emitter, class-C amplifier 
applications in industrial and commercial FM equipment operating to 520 MHz. 65 W, 512 MHz 


e Specified 12.5 Volt, 512 MHz Characteristics RF POWER TRANSISTOR 
Output Power = 65 Watts NPN SILICON 
Minimum Gain = 4.15 dB 
Minimum Efficiency = 50% 

e Characterized with Series Equivalent Large-Signal Impedance Parameters 

from 400 to 520 MHz 

e Built-In Matching Network for Broadband Operation 

e Triple lon Implanted for More Consistent Characteristics 

e Implanted Emitter Ballast Resistors for Improved Ruggedness 

e Silicon Nitride Passivated 


e Capable of Surviving Load Mismatch Stress at all Phase Angles with 
20:1 VSWR @ 15.5 Vde and 2.0 dB Overdrive 





CASE 316-01, STYLE 1 





MAXIMUM RATINGS 


[Symbol [value Tune 
Collector-Emitter Voltage pCO rene Oe 5 
Collector-Emitter Voltage 2c ee ee 
es ee ee 

ae Sees 


Collector Current — Continuous | Adc | 


Total Device Dissipation @ Tc = 25°C 175 Watts 
Derate above 25°C 1.0 wc 


Storage Temperature Range — 65 to +150 ba 





Vde 
Vde 
Emitter-Base Voltage VEBO Vde 
Adc 
°C 


THERMAL CHARACTERISTICS 


a 

| Thomal Restores JunciontoGase ———SSSCSCSC~C“*‘“‘“‘“‘~“‘“rCS RG CC 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[_______Charactrote ———S—*d;CSSymbor wn] [Mex [Un 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 16.5 Vde 
(I¢ = 50 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(I¢ = 50 mAdc, Vee = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 4.0 4.6 Vde 
(IE = 10 mAde, Ic = 0) 

Collector Cutoff Current ICES mAdc 
(VCE = 15 Vde, Vege = 0, Tc = 25°C) 


(continued) 








MRF658 MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS — continued (To = 25°C unless otherwise noted.) 


ON CHARACTERISTICS 
DC Current Gain nFE 120 
(Io = 10 Adc, Vog = 5.0 Vdc) 
DYNAMIC CHARACTERISTICS 





Output Capacitance Cob 170 pF 
(Vop = 12.5 Vde, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (in Motorola Test Fixture. See Figure 1.) 


Output Power 
(Voc = 12.5 Vde, Pin = 25 W, f = 470 & 512 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 65 W, f = 470 & 512 MHz) 





Output Mismatch Stress 
(Voc = 15.5 Vde, Pin = 32 W, f = 512 MHz, VSWR 20:1, 
All Phase Angles) : 


input Return Loss : 
(Po = 65 W, f = 470 & 512 MHz, Voc = 12.5 V) 








BI 








DELTA Vpe PORT 
(NORMALLY SHORTED) 12.5 Vde 
RF INPUT RF OUTPUT 
N1 N2 
|c6 Cal 
T T LOAD % = 50 OHMS 
= | = = | = 
= = eee eet ee J = 
B1-B4 — Long Bead, Fair Rite (2743019446) C16 — 130 pF, Chip Capacitor, Murata Erie 
C1 — 56 pF, Chip Capacitor, Murata Erie C17 — 130 pF, Chip Capacitor, Murata Erie 
C2 — 1-20 pF Trimmer, Johanson-JMC 5501 PG26J200 C18 — 130 pF, Chip Capacitor, Murata Erie 
C3 — 39 pF, Chip Capacitor, Murata Erie C19 — 0.18 F Chip Capacitor 
C4 — 1-20 pF Trimmer, Johanson-JMC 5501 C20 — 10 pF, 50 V Electrolytic, Panasonic-ECEV1HV100R 
C5 — 33 pF, Miniature Clamped Mica, SAHA Board — 1/16” Glass Teflon, e, = 2.55, Keene (GX-0600-55-22) 
C6 — 33 pF, Miniature Clamped Mica, SAHA L1, L2 —5 Turns, 20 AWG, ID 0.126” 
C7 — 33 pF, Miniature Clamped Mica, SAHA L3 — 2 Turns, 26 AWG, ID 0.073”: 
C8 — 27 pF, Miniature Clamped Mica, SAHA N1, N2— Type N Flange, Omni Spectra (3052-1648-10) 
C11 — 1-20 pF Trimmer, Johanson-JMC 5501 PG26J200 
C12 — 110 pF, Chip Capacitor, Murata Erie 
C13 — 10 uF, 50 V Electrolytic, Panasonic-ECEV1HV100R Murata Erie Chip Capacitors — 
C14 — 0.18 WF Chip Capacitor GRH710COGxxxx100VBE 
C15 — 130 pF, Chip Capacitor, Murata Erie SAHA Mini Clamped Mica Capacitors — 3HS0006-xx 


Figure 1. 512 MHz Test Circuit 
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PTT TT TT YT | vee= tes vee 
pee eel ole tea 2 eed) 
300 400 410 420 430 440 450 460 470 480 490 500 510 520 530 


MOTOROLA RF DEVICE DATA 


f, FREQUENCY (MHz) 





SE 1 ELL. 
AYALA E 


ee ee 
Figure 3. Output Power versus Frequency 
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EotnRERRREES 
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| 
| 
_— 
wa 
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Voc, SUPPLY VOLTAGE (VOLTS) 
Figure 4. Output Power versus Supply Voltage 


Pin, INPUT POWER (WATTS) 
Figure 2. Output Power versus Input Power 





MRF658 
2-442 


(SLIVM) HaMOd LNdLNo ‘LNOg 










0.62 + j2.8 


a 
OHMS 
0.62 + j2.8 | 








Zo." = Conjugate of optimum load impedance into 
which the device operates at a given output 
power, voltage and frequency. 


Figure 5. Series Equivalent Input and Output Impedances 


MOTOROLA RF DEVICE DATA MRF658 
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MOTOROLA 


= SEMICONDUCTOR a 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Low Power Transistor 


. .. designed primarily for wideband large signal predriver stages in 800 MHz 
and UHF frequency ranges. 750 mW, 870 MHz 
RF LOW POWER 


e Specified @ 12.5 V, 870 MHz Characteristics 
Output Power = 750 mW 
Minimum Gain = 8.0 dB 
Efficiency 60% (Typ) 
e Low Cost Macro-X Plastic Package 
e State-of-the-Art Technology 
Fine Line Geometry 
Gold Top Metal and Wires 
Silicon Nitride Passivated 


lon Implanted Arsenic Emitters Sec 


TRANSISTOR 
NPN SILICON 





CASE 317, STYLE 2 
MACRO-X 





MAXIMUM RATINGS 


Total Device Dissipation @ To = 50°C (1) 








Derate above 50°C 
THERMAL CHARACTERISTICS 
SO 
Thermal Resistance, Junction to Case a een ee eee ERE 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[easter «Symi [in tp x on 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 16 
(Ig = 5.0 mAde, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 5.0 mAde, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 0.1 mAde, Ic = 0) 

Collector Cutoff Current ICES 
(VcE = 15 Vde, VBE = 0, To = 25°C) 


NOTE: (continued) 
1. Case temperature measured on collector lead immediately adjacent to body of package. 








MRF837 MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 50 mAde, Vog = 10 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 
(Vop = 15 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 0.75 W, f = 870 MHz) 
Collector Efficiency 7 % 
(Voc = 12.5 Vde, Pout = 0.75 W, f = 870 MHz) 





C1, C2, C5 — 0.8-8.0 pF Johanson Gigatrim L1, L2 — 4 Tus, #21 AWG, 5/32” ID 

C3 — 5.0 pF Clamped Mica, Mini-Underwood L3— 7 Turns, #21 AWG, 5/32” ID 

C6 — 91 pF Clamped Mica, Mini-Underwood Z1 — 0.80” x 0.163” Microstrip, Zp = 50 Q 

C4 — 470 pF Ceramic Chip Capacitor 22 — 1.375” x 0.163” Microstrip, Zp = 50 Q 

C7 — 68 pF Clamped Mica, Mini-Underwood 23, Z4 — 0.375” x 0.163” Microstrip, Zp = 50 Q 
C8 — 1.0 pF 25 V Tantalum Z5 — 1.35” x 0.163” Microstrip, Z5 = 50 Q 

B — Bead, Ferroxcube 56-590-65/3B PCB — 1/16” Glass Teflon, er = 2.56 


Figure 1. 800-880 MHz Broadband Circuit 
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Soon 











Figure 2. 800-880 Broadband Circuit 


MRF837 750 mW 
800-880 MHz 





SCALE 0.75:1 


Figure 3. 800-880 MHz Broadband Circuit Photomaster 





MRF837 MOTOROLA RF DEVICE DATA 
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800/900 MHz BAND DATA 


Pin = 80 mW 
Voc = 12.5 Vde 


Pout, OUTPUT POWER (mW) 


IRL, INPUTRETURN 1c, COLLECTOR EFFICIENCY (%) 
LOSS (dB) 





f, FREQUENCY (MHz) 
Figure 4. Broadband Performance 


wee=78v [veo asv 


Pout 806 MHz = 870 mW Pout 806 MHz = 1.05 W 
Pout 870 MHz = 820 mW Pout 870 MHz = 950 mW 
Pout 960 MHz = 700 mW Pout 960 MHz = 725 mW 


806 6.1 +j3.6 38.3 -j16.4 23.2 -j31.6 

870 5.6 + j5.2 5 + j3. 40.8 -j18.9 41.3-j18.4 

960 6.1+j6.8 r . 43.8 -j14.7 41.4—j19.0 
ZoL* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage, and frequency. 





Table 1. Zin and Zo. versus Collector Voltage, Input Power and Output Power 
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800/900 MHz BAND DATA (continued) 


Pout, OUTPUT POWER (mW) 
Pout, OUTPUT POWER (mW) 





Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 


Figure 5. Output Power versus Input Power Figure 6. Output Power versus Frequency 





Z ee ol 
Ss = 1200 
5 pe Se el a Fs 
° te) 
5 Seal 
e oe 
: oe lial 
eel 
200 
saa Peo ta 
880 900 920 940 960 


800 820 840 860 





Voc, COLLECTOR VOLTAGE (Vdc) f, FREQUENCY (MHz) 
Figure 7. Output Power versus Collector Voltage Figure 8. Output Power versus Frequency 
MRF837 MOTOROLA RF DEVICE DATA 
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UHF BAND DATA 


[ves=7av TY] 


Pout 400 MHz = 875 mw 
Pout 450 MHz = 790 mW 
Pin = 75 mW Pout 512 MHz = 675 mW 


400 9.6 -j7.5 
450 14.3-j7.5 
512 11.5-j6.8 


8.2-j11.5 
9.7-j11 
12-j9.2 





Zo." 
Ohms 
| Voc =7.5V | Voc = 12.5.V 


Pout 400 MHz = 1.25 W 
Pout 450 MHz = 1.1 W 
Pout 512 MHz = 775 mW 


51.8-j7.2 
52.2-j16.7 
43.7 -j5.7 


37.8 +j12.3 
35.8 +j8.6 
42.4 + j0.24 


ZQ_* = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage and frequency. 


Table 2. Zjn and Zo. versus Collector Voltage, Input Power, and Output Power 


Pout: OUTPUT POWER (mW) 





0 i 2 30 40. +50 60 70 60 
Pin, INPUT POWER (mW) 


Figure 9. Output Power versus Input Power 





Pout, OUTPUT POWER (mW) 
a 
3 





in 
ie a A 
As es ee ata Aa I Lig 
7 ae a ec OP a A 

6 8 10 12 14 16 


Voc, COLLECTOR VOLTAGE (Vdc) 


Figure 11. Output Power versus Collector Voltage 


MOTOROLA RF DEVICE DATA 


PU TT 


Pout: OUTPUT POWER (mW) 


/| 





0 
400 420 440 460 480 500 520 
f, FREQUENCY (MHz) 


Figure 10. Output Power versus Frequency 


Pout, OUTPUT POWER (mW) 





400 420 440 460 480 500 520 
f, FREQUENCY (MHz) 


Figure 12. Output Power versus Frequency 





MRF837 
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MOTOROLA 
= SEMICONDUCTOR Sa 
TECHNICAL DATA 


The RF Line 
NPN Silicon MRFS839F 


RF Power Transistors 


... designed for 12.5 Volt UHF large-signal, common-emitter amplifier applica- 
tions in industrial and commercial FM equipment operating in the range of 


806-960 MHz. 3.0 W, 806-960 MHz 
e Specified 12.5 V, 870 MHz Characteristics Pipi sil 
Output Power = 3.0 Watts 
Power Gain = 8.0 dB Min COMMON-EMITTER 


Efficiency = 55% Min NPN SILICON 


¢ 100% Tested for Load Mismatch at Rated Input Power and 15.5 V 
e Series Equivalent Large-Signal Characterization 
MAXIMUM RATINGS 


[Rating Symbot [value 
Collector-Emitter Voltage VCEO | 6 
Collector-Base Voltage | Vcpo | 36 
Emitter-Base Voltage VEBO | 385 | 
Collector Current — Continuous a eee 

a 





Vde 
Vde 
Vdc 
Adc 
°6 
Total Device Dissipation @ Tc = 110°C Pe 


CASE 319, STYLE 2 
MRF839F 


Derate above 110°C 


16 
3.5 
200 
Storage Temperature Range Tstg 
THERMAL CHARACTERISTICS 
Symbol [Max —<[_Unt_—| 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[errant Syren tye [aU 
OFF CHARACTERISTICS 

[CotecorEmiter Breakdown Voge (G=S0mAuGg=0) | Venceo] | — | — | v® | 
Collector-Emitter Breakdown Voltage (Ic = 5.0 mAdc, VBE = 0) /verjces | 3 | — | — | vac | 
Emitter-Base Breakdown Voltage (IE = 0.1 mAdc, Ic = 0) }vereso | 35 | — | — | vac | 
[Colesor Cur Curent VGE= TSE VeE=0,To=2O) | toes | — | — | *0 | mage | 


ON CHARACTERISTICS 


DC Current Gain 10 150 
(Ic = 100 mAdc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vc = 15 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Pout = 3.0 W, Voc = 12.5 Vde, f = 870 MHz) 


Collector Efficiency Ne 63 % 
(Pout = 3.0 W, Vcc = 12.5 Vde, f = 870 MHz) 
















Load Mismatch Stress 


(Voc = 15.5 Vde, Pin = 0.5 W, f = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 





MRF839F MOTOROLA RF DEVICE DATA 
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870 MHz 


r 
lL 
| scour] 
ey eS ee 


Pout, OUTPUT POWER (WATTS) 
Pout OUTPUT POWER (WATTS) 





Pin, INPUT POWER (WATTS) , FREQUENCY (MHz) 


Figure 1. Output Power versus Input Power Figure 2. Output Power versus Frequency 
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orcurricurers | | | | [| 













































































































































































ao a Pin = 0.3 W 
an n in 
E Et Voo = 12.5 Vde 
= = 
ac oc 
ws 
2 2 65 
5 5 SI 
z a 2 60 SS 
5 5 = 
2. 3S 55 
oe & 1 20:1 oe 
151 B 
0 1.0:1 
6 8 10 12 14 16 800 820 840 860 880 
Voc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 3. Output Power versus Supply Voltage Figure 4. Broadband Performance 
ALLS : 870 2 
Ak BEB Iq = 10 OHMS B 960 >) 
eo Pout = 3 WATTS sr 
é, 2 
s Vec = 12.5V +34 
SP aT 
13 
3 
2 
: f Zin 
Bie MHz Ohms 2 
Bes 806 0.93 + j2.27 | 7.14 —j7.76 |\" 
960 Be 870 0.95 + j249 | 7.61 — j643 2 
} ae ae 960 128 + j327 | 8.00 - j486 || 
f = 806 MHz Zo.* 3¢7 E11 201 * = Conjugate of the optimum load impedance into |‘ |. 
9 & my, which the device operates at a given output power, volt- 
12 D S 14 age, and frequency. s 
OX F MAN wrex Vem EE 
Figure 5. Series Equivalent Input/Output Impedances 
MOTOROLA PF DEVICE DATA MRF839F 


2-451 





50Q 

RF INPUT 
B— Bead, Ferroxcube #56-590-65/3B L1, L2— 4 Turns, #18 Enameled, 5/32” ID 
C1 — 47 pF Chip Cap (Murata Erie MA20470B) L3, L4 — 12 Turns, #22 Enameled over 10 Ohm, 1/2 W Carbon Resistor 
C3, C4 — 13 pF Mini-Underwood Z1, Z4 — 50 Ohm Stripline 
C5 — 51 pF Chip Cap (ATC 100B510JC500) Z2 — 32 Ohm Stripline (1/4 1 @ 838 MHz) 
C2, C6 — 0.8-8.0 pF Johanson #7291 Z3 — 16 Ohm Stripline (1/4 4 @ 838 MHz) 
C7, C12 — 10 pF, 35 V Electrolytic Capacitor Board Material — 0.032” Glass Teflon, 2 oz. Copper Clad, e, = 2.55 


C8, C11 — 1000 pF Unelco, J101 
C9, C10 — 91 pF Mini-Underwood 


Figure 6. 800—880 MHz Broadband Test Circuit 





Figure 7. Broadband Test Circuit 


= 
ra a 
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ty 


Figure 8. Photomaster 








SCALE 0.75:1 
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MOTOROLA 
m= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line MRF840 
NPN Silicon 
RF Power Transistor 


... designed for 12.5 volt UHF large-signal, common-base amplifier applica- 


tions in industrial and commercial FM equipment operating in the range of 10 W, 870 MHz 

806-960 MHz. RF POWER 
gs ae TRANSISTOR 

e Specified 12.5 Volt, 870 MHz Characteristics NPN SILICON 


Output Power = 10 Watts 

Power Gain = 6.0 dB Min 

Efficiency = 50% Min 
e Series Equivalent Large-Signal Characterization 
e Internally Matched Input for Broadband Operation 


e Tested for Load Mismatch Stress at All Phase Angles with 20:1 VSWR @ 
15.5 Volt Supply and 50% RF Overdrive 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Silicon Nitride Passivated 








MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage | voso | 
8 


Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ To = 25°C (1) 





Derate above 25°C 
THERMAL CHARACTERISTICS 
a 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic Typ jax 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 50 mAde, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 36 Vde 
(Ic = 50 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 5.0 mAdc, Ic = 0) 

Collector Cutoff Current ICBO mAdc 
(Vc = 15 Vde, IE = 0) 


NOTES: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 








MOTOROLA RF DEVICE DATA MRF840 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ig = 1.0 Adc, VoE = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vop = 12.5 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Pout = 10 W, Vcc = 12.5 Vdc, f = 870 MHz) 


Collector Efficiency 


(Pout = 10 W, Voc = 12.5 Vde, f = 870 MHz) 


Load Mismatch Stress 
(Voc = 15.5 Vde, Pin = 3.0 W, (3) f= 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 
NOTE: 
3. Pin = 150% of the typical input power requirement for 10 W output power @ 12.5 Vdc. 











SHORTING 
PLUG 
RF RF 
INPUT | | OUTPUT 
| | | | 
| | | | 
| | | | 
| | | | 
| i | | 
+ IL it st + + 
com (aca Senne 7 
C1, C12 — 50 pF, 100 Mil Chip Capacitor Li, L6é — 11 Turns 20 AWG Around 10 Q 1/2 W Resistor 
C2, C11 — 15 pF, 20 V Tantalum L2, L5 — Ferrite Bead 
C3, C10 — 1000 pF, 350 V UNELCO L3, L4 — 4 Turn 20 AWG 0.2” |.D. 
C4, C9 — 91 pF Mini-Underwood T1,T4— Zo = 502 
C5 — 15 pF T2— Zo = 30 Q € =A/4 @ 838 MHz 
C6 — 15 pF T3 — ZQ = 13.5 QO f= 1/4 @ 838 MHz 
C7 — 15 pF 
C8 — 15 pF L7 — 18 AWG Wire Loop 4 
S \ve 
ool ae LL 
Figure 1. 870 MHz Test Circuit 
MRF840 MOTOROLA RF DEVICE DATA 
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Vier tind es bs a ele is 
Pree De a OD | 
E E 12 
< <x 

. Wee fo ete ie ek. cat 
ao e 10 
9 
4 CA ae 

7 es ae ee ae 

; T_] ae i re ee 

0 05 1 15 2 25 3 3.5 800 820 840 860 880 900 
Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 





Pout, OUTPUT POWER (WATTS) 


eee fei 
Pa | tome 


6 7 8 9 0 1 #12 #13 #14 «15 «616 
Voc, SUPPLY VOLTAGE (Vde) 


Figure 4. Output Power versus Supply Voltage 





2.0 + j6.1 3.3 - j0.4 

2.0 + j6.2 3.0 - j0.3 

2.0 + j6.4 2.5 + j0.0 

900 2.0 + j6.8 2.0 + j0.3 
Zo* = Conjugate of the optimum load 
impedance into which the device 
output operates at a given output 

power, voltage, and frequency. 





Figure 5. Series Equivalent Input/Output Impedance 
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Figure 6. 870 MHz Test Circuit 
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MOTOROLA . 
= SEMICONDUCTOR Soon 
TECHNICAL DATA 


The RF Line MRF842 
NPN Silicon 
RF Power Transistor 


... designed for 12.5 volt UHF large-signal, common-base amplifier applica- 


tions in industrial and commercial FM equipment operating in the range of 20 W, 870 MHz 
806-960 MHz. RF POWER 

. os TRANSISTOR 
e Specified 12.5 Volt, 870 MHz Characteristics NPN SILICON 





Output Power = 20 Watts 

Power Gain = 6.0 dB Min 

Efficiency = 50% Min 
¢ Series Equivalent Large-Signal Characterization 
e Internally Matched Input for Broadband Operation 


e 100% Tested for Load Mismatch Stress at All Phase Angles with 20:1 
VSWR @ 15.5 Volt Supply and 50% RF Overdrive 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Silicon Nitride Passivated 





MAXIMUM RATINGS 


Collector-Emitter Voltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current — Continuous 

Total Device Dissipation @ Tc = 25°C (1) 





Derate above 25°C 
Storage Temperature Range 
THERMAL CHARACTERISTICS 
a 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Symbot_[ win [yp [Mex [Unit] 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAde, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 10 mAdc, Ic = 0) 


Collector Cutoff Current 
(VoB = 15 Vde, IE = 0) 


NOTES: (continued) 
1. This device is designed.for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a re re 


ON CHARACTERISTICS 


DC Current Gain 10 
(Ig = 2.0 Adc, Vog = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vc = 12.5 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 7.0 
(Pout = 20 W, Voc = 12.5 Vde, f = 870 MHz) 
Collector Efficiency n % 
(Pout = 20 W, Vcc = 12.5 Vde, f = 870 MHz) 


Load Mismatch Stress 
(Voc = 15:5 Vde, Pin (3) = 6.0 W, f = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 
NOTE: ; 
3. Pin = 150% of the typical input power requirement for 20 W output power @ 12.5 Vdc. 












412.5 Vde 
VRE 
PORT 
CN 
a | 
| | | 
1! ! 
| 
| C6 | | 
| | | 
— i = | | = 
lee eres 
B — Ferrite Bead, Ferroxcube 56-590-65-3B L1,L4— 11 Turns #20 AWG Over 10 ohm 1/2 W Carbon 
C1, C11 — 51 pF, 100 Mil Chip Capacitor L2, L8 — 4 Turns #20 AWG, 200 Mil ID 
C2, C13 — 15 uF, 20 WV Tantalum TL1, TL4 — Micro Strip, Zp = 50 Q 
C3, C12 — 1000 pF Unelco J101 TL2 — Micro Strip, Zp = 38 Q, 1/4 @ 838 MHz 
C4, C10 — 91 pF Mini-Underwood TL3 — Micro Strip, Zp = 24 Q, 1/4 @ 838 MHz 
C5 — 15 pF Mini-Underwood Board — 0.032” Glass Teflon 
C6 — 12 pF Mini-Underwood 2.0z. Cu CLAD, er = 2.55 
C7, C8 — 21 pF Mini-Underwood 
C9 — 11 pF Mini-Underwood 
Figure 1. 870 MHz Test Circuit Schematic 
MRF842 MOTOROLA RF DEVICE DATA 
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PBB 





a a 
E E 
= = 22 
E a 
oO 
: 2 a 
5 
cs) So 14 
Be fe en Voc = 12.5 Vde 3 % -—} |__| 
Petro oe ee eens 
aL ies a ee 


6 
1 #15 #2 25 3 35 4 45 #5 55 6 
Pin, INPUT POWER (WATTS) f, Ee ‘i 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 





Pout, OUTPUT POWER (WATTS) 





ie eas ae pe 
Figure 4. Output Power versus Supply Voltage 


MOTOROLA RF DEVICE DATA MRF842 
2-459 


Pout = 20 W, Voc = 12.5 Vde 


Zou" 
Ohms 


800 11+ j4.1 1.9 +j1.5 
836 1.2 + j4.3 1.85 + j1.6 
870 14+ j44 1.8 + j1.7 
900 1.6 + j4.5 1.8 + j1.8 


ZoL* = Conjugate of the optimum load 
impedance into which the device 





output operates at a given output 
power, voltage, and frequency. 





Figure 5. Series Equivalent Input/Output Impedance 











Figure 6. 870 MHz Test Circuit 
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MOTOROLA 
= SEMICONDUCTOR Se 
TECHNICAL DATA 


The RF Line MRF844 
NPN Silicon 
RF Power Transistor 


... designed for 12.5 volt UHF large-signal, common-base amplifier applica- 


tions in industrial and commercial FM equipment operating in the range of 30 W, 870 MHz 

806-960 MHz. ail nl de 
es re TRANSISTOR 

© Specified 12.5 Volt, 870 MHz Characteristics NPN SILICON 


Output Power = 30 Watts 

Power Gain = 5.2 dB Min 

Efficiency = 50% Min 
e Series Equivalent Large-Signal Characterization 
e Internally Matched Input for Broadband Operation 


e Tested for Load Mismatch Stress at All Phase Angles with 20:1 VSWR @ 
High Line and RF Overdrive 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Silicon Nitride Passivated 








MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C. 





THERMAL CHARACTERISTICS 


a 
Thermal Raita, Junction to Case @) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


| haracterintic  Symbot win Te ax [unit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 50 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 50 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(lg = 10 mAde, Ic = 0) 
Collector Cutoff Current IcBo 10 mAdc 
(Vop = 15 Vde, IE = 0) 
NOTES: (continued) 


1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a | le pe a 


ON CHARACTERISTICS 


DC Current Gain 10 
(Ic = 2.0 Adc, Vog = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vop = 12.5 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Pout = 30 W, Vcc = 12.5 Vde, f = 870 MHz) 


Load Mismatch Stress 
(Voc = 15.5 Vde, Pin = 12 W (8), f = 870 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 
NOTE: 
3. Pin = 150% of the typical input power requirement for 30 W output power @ 12.5 Vdc. 











SHORTING 
PLUG 
RF RF 
INPUT | | OUTPUT 
T1 | | | | TA 
I | | | 
I | | | 
| | i | 
| | | | 
= H = i = H = H = 

Lol ace 

C1, C12 — 50 pF, 100 Mil Chip Capacitor L1, L6— 11 Turns 20 AWG Around 10 Q 1/2 W Resistor 

C2, C11 — 15 uF, 20 V Tantalum L2, L5 — Ferrite Bead 

C3, C10 — 1000 pF, 350 V UNELCO L3, L4 — 4 Turn 20 AWG 0.2” I.D. 

C4, C9 — 91 pF Mini-Underwood T1,T4—Z9=502 

C5 — 15 pF Mini-Underwood T2 — Zo = 38.2 =A4 @ 838 MHz 

C6 — 15 pF Mini-Underwood T3 — Zo = 26 Q f= A/4 @ 838 MHz 

C7 — 18 pF Mini-Underwood 

C8 — 24 pF Mini-Underwood 

Figure 1. 870 MHz Test Circuit 
MRF844 MOTOROLA RF DEVICE DATA 
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Pout, OUTPUT POWER (WATTS) 
Pout OUTPUT POWER (WATTS) 





0 2 4 6 8 10 12 14 #16 18 20 
Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 









Pout, OUTPUT POWER (WATTS) 
[TIT To 
ee eeeEaen 
i=] 





Voc, SUPPLY VOLTAGE (VOLTS) 


SONVISIS3Y 


Figure 4. Output Power versus Supply Voltage Pin = 7.5 W, Pout = 30 W, Veg = 12.5 Vde s 


0.8 + j3.7 1.4 + j2.3 


0.9 + j4.0 1.3+j24 
1.0 + j4.4 1.25 + j2.6 
1.0 + j4.7 1,2 + j2.7 
Zo.” = Conjugate of the optimum load 
impedance into which the device 
Output operates at a given output 
power, voltage, and frequency. 





Figure 5. Series Equivalent Input/Output 
Impedance 





Figure 6. 870 MHz Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line MRF847 
NPN Silicon 
RF Power Transistor 


. .. designed for 12.5 volt UHF large-signal, common-base amplifier applica- 


tions in industrial and commercial FM equipment operating in the range of 45 W, 870 MHz 

806-960 MHz. RF POWER 
retea TRANSISTOR 

e Specified 12.5 Volt, 870 MHz Characteristics NPN SILICON 





Output Power = 45 Watts 
Power Gain = 4.5 dB Min 
Efficiency = 60% Min 


e Series Equivalent Large-Signal Characterization 
e Internally Matched Input for Broadband Operation 


e Tested for Load Mismatch Stress at All Phase Angles with 10:1 VSWR @ 
High Line and Rated Drive 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Silicon Nitride Passivated 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Storage Temperature Range 


Jnetion Temperature a 





THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[characteristic ————~*dY:CSymbot win | Typ | Max [unit] 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 5.0 mAde, Io = 0) 

Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 50 mAde, Ip = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 50 mAdc, VBE = 0) 

Collector Cutoff Current ICES 
(VcE = 15 Vdc, Vee = 0) 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[_________Characterio | Symbor_| Win] Tp | Max | Unt 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 2.0 Ade, Voge = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 





(Vop = 12.5 Vde, IE = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 45 W, f = 870 MHz) 


Collector Efficiency 
(Voc = 12.5 Vdc, Poyt = 45 W, f = 870 MHz) 


Load Mismatch 
(Voc = 15.5 Vde, Pin = 16 W, f = 870 MHz, No Degradation in Output Power 
VSWR = 10:1, All Phase Angles) 





C1 — 51 pF, 100 mil Chip Capacitor C10, C11 — 91 pF Mini-Underwood 

C2 — 12 pF, Mini-Underwood L1, L2 — 4 Turns #18 Enameled, 200 mil ID 

C3 — 11 pF, Mini-Underwood L3, L4 — 12 Turns #22 Enameled, Wound Over 10 Q Resistor 
C4, C5 — 21 pF, Mini-Underwood TL1, TL4 — 50 Q Microstrip Line 

C6 — 0.08-—8.0 pF Johansen Gigatrim TL2 — Microstrip (Zp = 38 ohms, 4/4 @ 838 MHz) 

C7 — 47 pF, 100 mil Chip Capacitor TL3 — Microstrip (Zp = 28 ohms, 1/4 @ 838 MHz) 

C8, C13 — 10 pF, 25 WV Electrolytic Capacitor Board Material — 0.032” Glass-Teflon, 2 oz. cu. clad, er = 2.56 
C9, C12 — 1000 pF Unelco J101 B— Ferrite Bead, Ferroxcube 56-590-65-3B 


Figure 1. 806-870 MHz Broadband Test Circuit 
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i a as 
re B a a ee ee 
E E Ss LA a 
& & Bee, ee ee 
3 3 Se a 
5 5 | PS | SR ew 
E E (ea a 
a a ie ae eee 
860 880 900 
Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 














































































a 
E a 
= 3 80 
oc z B 
ui = 73 
= 9 i] 
2 & 60S 
5 = ic 
z 2 50 
fo) 2 40 g 
3 : 4 
oo 430 3 
08 
o 
10 = 
900 
Voc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 4. Output Power versus Supply Voltage Figure 5. Typical Broadband Circuit Performance 
Vec = 12.5 Vde, Pin = 16 W, Pout = 45W 
f Zin ZoL* 
MHz (Ohms) (Ohms) 
806 | 0.99 | +)5.52 +]1.33 
838 | 1.48 | +)6.47 + j1.66 
870 | 1.79 | +)6.25 0.72 | +j2.16| 
915 | 212 | +j4.80 0.83 | +j2.40 
960 | 211 [+j4.28| 960 | 099 [+250 
ZoL* = Conjugate of the optimum load impedance into which 
the device output operates at a given output power, 
voltage, and frequency. 
Figure 6. Series Equivalent Input/Output Impedances 
MRF847 MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR ox 
TECHNICAL DATA 


The RF Line MRF880 
NPN Silicon 


RF Power Transistor 


Designed for 26 V UHF large-signal, common emitter, class-AB linear 
amplifier applications in industrial and commercial FM/AM equipment operating 
in the range 800-960 MHz. 90 W, 900 MHz 
RF POWER TRANSISTOR 
e Specified 26 V, 900 MHz Characteristics NPN SILICON 
Output Power = 90 Watts 
Gain = 8.5 dB Min. @ 900 MHz, class AB 
Efficiency = 35% Min. @ 900 MHz, 90 Watts (PEP) 
Intermodulation Distortion -29 dBc Max. @ 90 Watts (PEP) 
e Characterized with Series Equivalent Large-Signal Parameters from 
800 to 960 MHz 


e Silicon Nitride Passivated 

e 100% Tested for Load Mismatch Stress at all Phase Angles with 
5:1 VSWR @ 26 Vdc, and rated output power 

¢ Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration 


Motorola Preferred Device 








CASE 375A, STYLE 1 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





THERMAL CHARACTERISTICS 


Chatto SCC*dSCS bt Pet 
Thornal Resi, Junction to Cas Oe 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


a 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 


V(BR)CEO Vde 

(I¢ = 50 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 75 Vde 
(Ic = 50 mAdc, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 10 mAdc, Ic = 0) 

Collector Cutoff Current ICES mAdc 
(VCE = 30 Vde, VBE = 0) 


(continued) 







Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[acted (Symon [min] Me Tn 


ON CHARACTERISTICS 


DC Current Gain 
(ICE = 1.0 Adc, VcE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vcp = 24 Vde, IE = 0, f = 1.0 MHz) — for information only. This 
partis collector matched. 


FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Voc = 26 Vde, Pout = 90 Watts (PEP), [cq = 250 mA, 
f1 = 900 MHz, fo = 900.1 MHz) 
Collector Efficiency 
(Voc = 26 Vde, Pout = 90 Watts (PEP), Icq = 250 mA, 
fy = 900 Mhz, fo = 900.1 MHz) 





Intermodulation Distortion 
(Voc = 26 Vde, Pout = 90 Watts (PEP), Icq = 250 mA, 
f4 = 900 MHz, fo = 900.1 MHz) 


Output Mismatch Stress 
(Voc = 26 Vde, Pout = 90 Watts (PEP), Icq = 250 mA, No Degradation in Output Power 
fy = 900 MHz, fo = 900.1 MHz Before and After Test 
Load VSWR = 5:1, All phase angles at frequency of test) 
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Rib Vj 
_ 0 Vb we 


Sa oe 


COAX1 {2 i ied ee, 7 a 


Ci C14] Cte] C18 |* 
R2 


HF * 


4{C27 R4 ao 


aaa Ef 
| | - 
1 


4 
ct 
= 
| - LB 
Ltd 
D.ULT. 
C5 ‘ ae COAX 2 
6 
“4 R5 ee 
c8 









OUTPUT 


; C20 


C26 


te 
=n 


L 
C6 
L2 








BALUN 1 Bel J 
= pa CiZ + 
Ria ah let ow i crs 
Vbb © L Lot tod 
B1, B2 — Ferrite Bead C27 — 500 pF Cap, 50 Vde Min 
C1 — 200 pF Cap, 50 Vde Min L1, L2, L7, L8 — 4T No. 20 AWG, 0.163” ID CW 
C2, C3, C25, C26 — 43 pF Chip Cap, 100 Mil L3, L4, L5, L6 — 12T No. 22 AWG, 0.140” ID CW 
C4, C5, C21, C22 — 100 pF Chip Cap, 100 Mil Qi — BD166 
C6 — 3.3 pF Chip Cap, 100 Mil Ria, Rib — 56 Ohn, 1 W Resistor 
C7, C8, C14, C15 — 1000 pF Chip Cap, 100 Mil R2, R3, R4, RS — 4 x 39 Ohm, 1/8 W Chip Resistor 
C9, C10, C16, C17 — 1800 pF Chip Cap, 100 Mil TL1-8 — On PCB Mask 
C11 — 7.5 pF Chip Cap, 50 Mil Balun 1,2 Coax 1,2 — 2.20” 50 Ohm Semi-Rigid Coax, 0.088” OD 
C12, C13, C18, C19, C23, C24 — 10 WF Cap, 50 Vde PCB — 0.030”, Teflon®-Fiberglass, €, = 2.55 
C20 — 1.8 pF Chip Cap Wear Blocks — 0.330” x 0.170” x 0.50” Beryllium Copper 
Figure 1. Broadband Test Circuit 
MOTOROLA RF DEVICE DATA MRF880 
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TYPICAL CHARACTERISTICS 
Lei STS (SN a PASSE 


FG a Esp 





o tn, 
E E 100 
g g Fes ele 
ia & 75 
= = 
: 
z 50 
3 3 
& 2% 

0 25 5.0 75 10.0 125 15.0 soo 820 840-860-880 ~~-900 «920 ~-940 960 

Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 





= 

= 3rd ORDER 
a o 
g 5 
= A 
g 2 
e 2 
5 = 
e 8 

3 S F1 = 900.0 MHz 

3 Fa F2.= 900.1 MHz 

a 2 Voc = 26 Vde 

g I¢qQ = 250 mA 

0 20 40 60 80 100 120 
Voc, COLLECTOR VOLTAGE He, Pout, OUTPUT POWER, WATTS (PEP) 
Figure 4. Output Power versus Supply Voltage Figure 5. Intermodulation Distortion versus 
Output Power 


Pp = 90W, Voc = 26V 


(MHz) ohms ohms 
| 950 | 2454060 | 7.364586 | 


coo | 200e;i0s | omnes 
Pwo | aons 0s | sir Kae 
Peo sone | ase. | 


Zou" = Conjugate of optimum load impedance 
into which the device operates at a given 
output power, voltage and frequency. 
















































































Figure 6. Series Equivalent Input/Output Impedances 
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Figure 7. Fixture Component Layout 





(Not to Scale) 


Figure 8. Photomaster for Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


i MRF890 
The RF Line 
NPN Silicon MRF890S 


RF Power Transistors 


... designed for 24 volt UHF large-signal, common-emitter amplifier applica- 
tions in industrial and commercial FM equipment operating in the range of 


2.0 W, 900 MHz 
804-960 MHz. RE POWER 
e Specified 24 Volt, 900 MHz Characteristics TRANSISTORS 
Output Power = 2.0 Watts NPN SILICON 





Power Gain = 9.0 dB Min 
Efficiency = 55% Min 
e Series Equivalent Large-Signal Characterization 


e Capable of 30:1 VSWR Load Mismatch at Rated Output Power and Supply 
Voltage 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Silicon Nitride Passivated 


CASE 305, STYLE 1 
MAXIMUM RATINGS MRF890 


YeB0 va 


Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 







< 
gig 
B18 
F 









AX 


THERMAL CHARACTERISTICS 
[Characteristic | Symbot [Max | Unit | oe MRFeOOS 
[ Thermal Resistance, unctonto ase (@ [Rass [| 28 | “on 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[—haracteitc ———«YCSvmbol (| in | te Mex [nt 
OFF CHARACTERISTICS 










Emitter-Base Breakdown Voltage V(BR)CEO Vde 
(Ic = 5.0 mAde, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES ¥ae 
(Ic = 5.0 mAde, Vee = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ie = 5.0 mAdg, Ig = 0) 
Collector Cutoff Current IcBO 
(Vo = 30 Vde, IE = 0) 








ON CHARACTERISTICS 
DC Current Gain 
(I¢ = 100 mAde, VcE = 5.0 Vde) 
NOTES: (continued) 


1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[CharctrteYSomboh [wine [mex [On| 





DYNAMIC CHARACTERISTICS 
Output Capacitance Cob pF 
(VoB = 30 Vde, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 






Common-Emitter Amplifier Power Gain 10.5 
(Pout = 2.0 W, Voc = 24 Vde, f = 900 MHz) 
Collector Efficiency n % 
(Pout = 2.0 W, Vcc = 24 Vde, f = 900 MHz) 








RF 
OUTPUT 





C1, C7 — Johanson 0.5—4.0 pF Giga-Trim 

C2, C5, C6 — 91 pF Mini Underwood Mica 

C3, C9 — 1.0 uF Electrolytic 

C4, C8 — 250 pF Unelco 

C10 — 39 pF Mini Underwood 

L1, L7 — 10 Turns Around 10 Q 1/2 W Resistor 

L2, L3, L6 — Ferrite Bead 

L4, L5 — 4 Turns 26 AWG 0.1” ID 

Z1, Z2, Z3, Z4, Z5, Z6 — Distributed Microstrip Elements (see photomask) 
Board Material — Glass Teflon e, = 2.55 t = 0.031” 


Figure 1. 850-900 MHz Test Circuit 
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Pout OUTPUT POWER (WATTS) 


Pins INPUT POWER (mW) 


Figure 2. Output Power versus Input Power 


Pout, OUTPUT POWER (WATTS) 


f, FREQUENCY (MHz) 
Figure 4. Output Power versus Frequency 





Figure 6. Series Equivalent Input Impedance 


MRF&90eMRFS90S 
2-474 








Pout, OUTPUT POWER (WATTS) 


Gpe, POWER GAIN 





Voc, SUPPLY VOLTAGE (V) 
Figure 3. Output Power versus Supply Voltage 





f, FREQUENCY (MHz) 


Figure 5. Typical Performance in 
Broadband Circuit 
























CRE RIOOT : 

TOOK EIT LL 
Sesh 
COSHH 
ZoOL* = Conjugate of the optimum load impedance into which the device output operates 


at a given output power, voltage, and frequency. 





Figure 7. Series Equivalent Output Impedance 


MOTOROLA RF DEVICE DATA 





SCALE 0.75:1 


Figure 8. Photomaster for Test Fixture 


























Figure 9. 850-900 MHz Test Circuit 
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_ MOTOROLA 
= SEMICONDUCTOR [oo 
TECHNICAL DATA 


The RF Line MRF891 


NPN Silicon MRF891S 
RF Power Transistors 


. .. designed for 24 volt UHF large-signal, common-emitter amplifier applica- 


tions in industrial and commercial FM equipment operating in the range of 5.0 W, 900 MHz 
800-960 MHz. RF POWER 
i Aer TRANSISTORS 
e Specified 24 Volt, 900 MHz Characteristics 
Output Power = 5.0 Watts EN SION 





Power Gain = 9.0 dB Min 
Efficiency = 50% Min 
e Series Equivalent Large-Signal Characterization 


e Capable of Withstanding 20:1 VSWR Load Mismatch at Rated Output 
Power and Supply Voltage 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Silicon Nitride Passivated 


MAXIMUM RATINGS CASE S12; STYEES 


MRF891 


— 


CASE 319A, STYLE 2 
MRF891S 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 50°C (1) 
Derate above 50°C 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


ee Se 





ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


eae oO Se a Me ee 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 20 mAde, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 20 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ig = 0.5 mAdg, Ic = 0) 
Collector Cutoff Current IcES 1.0 mAdc 
(VCE = 30 Vde, VBE = 0, To = 25°C) 
ON CHARACTERISTICS 
DC Current Gain hee 
(Ic = 200 mAde, VcE = 5.0 Vde) 
NOTES: (continued) 


1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Chacteiede Smt Twn] eo 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vos = 24 Vae, Ie = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain (Broadband) 
(Voc = 24 Vdc, Poyt = 5.0 W, f = 900 MHz) 


Collector Efficiency 


(Voc = 24 Vde, Pout = 5.0 W, f = 900 MHz) 


Load Mismatch Stress 
(Voc = 24 Vdc, Pin = 0.63 W, f = 900 MHz, No Degradation in Output Power 
VSWR = 20:1, all phase angles) 





O 
SHORTED 
PLUG 


(FOR AVRE GND 
TEST) 













| 
+4 





‘ 


| 


| 

| 

| 

! os 
ces 


L7__ 
C1 — 39 pF, 100 Mil Chip Capacitor L1, L6 — 10 Turns #20 AWG Around 10 Ohm 1/2 Watt Resistor 
C2, C8, C15 — 0.8-8.0 pF Johansen Gigatrim L2, L5 — Ferrite Bead 
C3, C4 — 12 pF, Mini-Unelco L3— 4 Turns #16 AWG Choke 
C5, C13 — 1000 pF, 350 V Unelco L4— 0.5”, #18 AWG Wire 
C6, C14 — 10 pF, 25 V Tantalum T1, T4 — 50 Ohm Microstrip Line 
C7, C11, C12 — 91 pF, Mini-Unelco T2— W = 165 Mils, ¢ = 1946 Mils 
C9 — 5.0 pF, Mini-Unelco T3 — W = 166 Mils, € = 1563 Mils 
C10 — 47 pF, 100 Mil Chip Capacitor PC Board — 0.031” Glass Teflon (e, = 2.56) 


Figure 1. Broadband Test Fixture 
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Pout, OUTPUT POWER (WATTS) 


Pout OUTPUT POWER (WATTS) 





01 02 03 04 05 06  O7 
Pin, INPUT POWER (WATTS) 


08 09 


Figure 2. Output Power versus Input Power 


875 900 


f, FREQUENCY (MHz) 


925 


Figure 4. Output Power versus Frequency 
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Figure 6. Series Equivalent Input Impedance 
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Figure 7. Series Equivalent Output Impedance 
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Figure 8. Photomaster for Test Fixture 





Figure 9. Broadband Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR SE 
TECHNICAL DATA 


The RF Line MRF892 
NPN Silicon 
RF Power Transistor 


. .. designed for 24 volt UHF large-signal, common-base amplifier applications : 
in industrial and commercial FM equipment operating in the range of 14 W, 900 MHz 
804-960 MHz. RE-POWER 
- te TRANSISTOR 
¢ Specified 24 Volt, 900 MHz Characteristics NPN SILICON 
Output Power = 14 Watts 
Power Minimum = 8.5 dB Min 
Efficiency = 55% Min 
e Series Equivalent Large-Signal Characterization 
¢ Capable of 30:1 VSWR Load Mismatch at Rated Output Power and Supply 
Voltage 
e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 
¢ Silicon Nitride Passivated 

















MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 











Storage Temperature Range 
THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case (2) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless.otherwise noted.) 


ee 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, Vee = 0) 
Emitter-Base Breakdown Voltage (IE = 5.0 mAdc, Ig = 0) 
Collector Cutoff Current (VcB = 30 Vdc, IE = 0) 


NOTES: (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
















MRF892 MOTOROLA RF DEVICE DATA 
2-480 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Pee Fe ON a) ee) | eee 


ON CHARACTERISTICS 


DC Current Gain hFE 100 
(Ic = 1.0 Adc, Vcg = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vop = 30 Vae, IE = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Pout = 14 W, Vcc = 24 Vdc, f = 900 MHz) 


Collector Efficiency 
(Pout = 14 W, Voc = 24 Vde, f = 900 MHz) 
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Les SS alte 
B— Ferrite Bead, Ferroxcube 56-590-65-3B L1, L2 — 4 Turns #18 Enameled, 5/32” ID 
C1 — 51 pF, 100 Mil Chip Capacitor L3, L4 — 14 Turns #22 Enameled Over 10 Q Carbon Resistor 
C2, C3 — 13 pF Mini-Unelco TL1 — Micro Strip, 50 Q 
C4 — 43 pF, 100 Mil Chip Capacitor TL2 — Micro Strip, Zp = 26 Q, 1/4 @ 875 MHz 
C5, C10 — 10 pF, 35 WV TL3 — Micro Strip, Zp = 14 Q, 1/4 @ 875 MHz 
C6, C9 — 500 pF Unelco J101 Board — 0.032” Glass Teflon 
C7, C8 — 91 pF Mini-Unelco 2.0z. Cu CLAD, e€, = 2.55 


C11 — 0.8—8.0 pF Johanson Gigatrim 


Figure 1. 850-900 MHz Broadband Circuit Schematic 
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Figure 5. Typical Performance in 
Broadband Circuit 


Figure 4. Output Power versus Frequency 
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Figure 6. Series Equivalent Input Impedance 
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ZoL* = Conjugate of the optimum load impedance into 
which the device output operates at a given output 
power, voltage, and frequency. 


Pout = 14 W, Vcc = 24 Vde 














t Zou* 

MHz Ohms 
i |} s00 | 291 | -45 fs 
sso | 306 | -41 |% 
goo | 3.20 | -369 | 
3.35 | -3.22 


960 














Figure 8. 850-900 MHz Test Circuit 
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Figure 7. Series Equivalent Output Impedance 
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MOTOROLA 


= SEMICONDUCTOR Sox 
TECHNICAL DATA 


The RF Line MRF894 
NPN Silicon 
RF Power Transistor 


. .. designed for 24 volt UHF large-signal, common-base amplifier applications 


in industrial and commercial FM equipment operating in the range of 30 W, 900 MHz 

804-960 MHz. Laid etal 
. TRANSISTOR 

e Specified 24 Volt, 900 MHz Characteristics NPN SILICON 


Output Power = 30 Watts 
Power Gain = 7.0 dB Min 
Efficiency = 55% Min 
e Series Equivalent Large-Signal Characterization 


e Capable of 30:1 VSWR Load Mismatch at Rated Output Power and Supply 
Voltage 


¢ Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Silicon Nitride Passivated 




















MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 
Derate above 25°C 


Storage Temperature Range 
THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 












ee 
OFF CHARACTERISTICS 


[Colac itor BoakionVoage (= 2EmadG1a=0 [ene |_| — | — 
Collector-Emitter Breakdown Voltage (ic = 25mAdc, Vpe=0) | Verjces | 50 | — | — | Vde | 
Emitter-Base Breakdown Voltage (IE = 5.0 mAdc, Ic = 0) | Verepo | 40 | — | — | Vdc | 

[ cotocor uot Curent Vos=30Vee.ie=0 ——+|_eso | — {| — | | made 


NOTES: ; (continued) 
1. This device is designed for RF operation. The total device dissipation rating applies only when the device is operated as an RF amplifier. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee, CNR See | Mine |e | ee 


ON CHARACTERISTICS 
DC Current Gain hre 10 120 
(Ic = 2.0 Adc, Vcg = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 





Output Capacitance 


(Vcp = 30 Vde, Ie = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain Gpe 7.0 
(Pout = 30 W, Voc = 24 Vde, f = 900 MHz) 
Collector Efficiency n % 
(Pout = 30 W, Voc = 24 Vde, f = 900 MHz) 














+24 Vde 





B — Ferrite Bead, Ferroxcube 56-590-65-3B L1, L4 — 11 Turns #20 Enameled Over 10 2 Carbon Resistor 
C1, C13 — 5.0 uF, 50 Vde L2, L3 — 4 Turns #20 Enameled, .15” ID 

C2, C12 — 1000 pF Unelco TL1, TL4 — Micro Strip Line, 50 Q 

C3, C11 — 47 pF, 100 Mil Chip Capacitor TL2 — Micro Strip, Zp = 30 Q, 1/4 @ 875 MHz 

C4, C9 — 91 pF, Mini-Underwood TL3 — Micro Strip, Zp = 22 Q, 1/4 @ 875 MHz 

C5, C6 — 12 pF, Mini-Underwood Board — 0.032” Glass Teflon 

C7 — 18 pF, Mini-Underwood 2 oz. Cu CLAD, ey = 2.55 


C8 — 24 pF, Mini-Underwood 
C10 — 0.8—8.0 pF Johanson Gigatrim 


Figure 1. 850-900 MHz Broadband Circuit Schematic 
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Pout, OUTPUT POWER (WATTS) 
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TYPICAL CHARACTERISTICS 





Pins INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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Poyt, OUTPUT POWER (WATTS) 








f, FREQUENCY (MHz) 
Figure 3. Output Power versus Frequency 
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Figure 4. Output Power versus Supply Voltage Figure 5. Typical Broadband Circuit Performance 
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Vec = 24 Vde, Pout = 30 W 
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ORD ne Zn 
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Zo." 
f= 800 MHz {Ud ie ZOL* = Conjugate of the optimum load impedance into which the device output operates 
Lure 1 3.0-+14.015.076.017.0/8.09.010° at a given output power, voltage, and frequency. 


























Figure 6. Series Equivalent Impedance 











Figure 7. 850-900 MHz Broadband Circuit 
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MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line MRF896 
NPN Silicon | MRF896S 


RF Power Transistors 


Designed for 24 Volt UHF large-signal, common emitter, Class AB and Class 


Motorola Preferred Devices 


A linear amplifier applications in industrial and commercial FM/AM equipment 3.0 W, 900 MHz 
operating in the range 800-960 MHz. Seaneerross 
¢ Specified 24 Volt, Iq = 8.0 mA (Class AB), 900 MHz Characteristics NPN SILICON 


Output Power = 3.0 Watts 
Minimum Gain = 10 dB @ 900 MHz 
Minimum Efficiency = 30% @ 900 MHz, 3.0 Watts 
Maximum Intermodulation Distortion -30 dBc @ 3.0 Watts (PEP) 
e Characterized with Series Equivalent Large-Signal Parameters from 800 to 
960 MHz 


e Silicon Nitride Passivated 


e 100% Tested for Load Mismatch Stress at all Phase Angles with 5:1 VSWR 
@ 
26 Vde, at rated output power CASE 305, STYLE 1 


¢ Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal MRF896 
Migration 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector-Current — Continuous 


Total Device Dissipation @ To = 50°C 
Derate Above 50°C. 


JX 


CASE 305D, STYLE 1 
MRF896S 





Storage Temperature Range 
THERMAL CHARACTERISTICS 


ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise stated) 


[Garters «Sebo [in| top [we] U 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 37 Vdc 
(Ic = 20 mAdc, ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 20 mAdc, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 4.0 
(IE = 1.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(VCE = 30 Vdc, VBE = 0) 








ON CHARACTERISTICS 
DC Current Gain hee 
(IE = 100 mAdc, VcE = 5.0 Vdc) 
(continued) 
Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise stated) 


Pherae Sambo [win [eT Mee Tn 


DYNAMIC CHARACTERISTICS 


Output Capacitance 





(Vop = 24 Vde, IE = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS (in Motorola Test Fixture. See Figure 1.) 


Common-Emitter Amplifier Power Gain 
(Vcc = 24 Vde, Pout = 3.0 Watts, leq = 8.0 mA, f = 900 MHz) 


Collector Efficiency 
oc = 24 Vde, Pout = 3.0 Watts, Iq = 8.0 mA, f = 900 MHz) 


3rd Order Intermodulation Distortion 
(Voc = 24 Vde, Pout = 3.0 Watts (PEP), leq = 8.0 mA, 
fy = 900 MHz, Fo = 900.1 MHz) 


Output Mismatch Stress 
(Voc = 26 Vde, Pout = 3.0 Watts, Ioq = 8.0 mA, f = 900 MHz, 
Load VSWR = 5:1, all phase angles) 














B1, B4 — Long Bead, Fair Rite (2743019446) N1, N2 — Type N Flange, Omni Spectra (3052-1648-10) 

B2, B3 — Short Bead, Fair Rite (2743021446) R1, R2 —4 x 39 Ohm, 1/8 W chips in parallel, Rohm (390-J) 
C1, C2 — 43 pF, 100 Mil Chip Capacitor, ATC (100B430JCA500X) R3 — 82 Ohm, 1.0 W eae 

C3, C8 — 10 pF, 50 V Electrolytic, Panasonic (ECEV1HV100R) TL1 — Zp =50 Ohm 

C4, C7 — 820 pF, Surface Mount, Kemit (C1206N821J1GSC) TL2-—TL15 — See Photomaster 

C5, C6 — 100 pF Chip Cap, Murata Erie (GRH710COG101J100VBE) TL16 — Zy = 50 Ohm 

D1 — Diode 1N4001, Motorola WB1 — Wear Block .200” x .005” BeCu 

L1, L2— 7 Tums, 24 AWG, IDIA 0.116” WB2 — Wear Block .200” x .060” x .005” BeCu 


Board — 30 mil Glass Teflon, e, = 2.55, Keene (GX-0300-55-22) 


Figure 1. 840-960 MHz Broadband Test Circuit 
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Pout, OUTPUT POWER (WATTS) 
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Pin, INPUT POWER (mWATTS) 


Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Supply Voltage 
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Figure 6. Intermodulation versus Output Power 
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Figure 3. Output Power versus Frequency 
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Figure 5. Performance in Broadband Test Fixture 
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Figure 7. Class A — Third Order Intercept 
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ZoL* = CONJUGATE OF OPTIMUM LOAD IMPEDANCE INTO WHICH 
THE DEVICE OPERATES AT A GIVEN OUTPUT POWER, VOLTAGE AND 
FREQUENCY. 


Po = 3W, Vcc = 24V, Icq = 8mA 


Figure 8. Series Equivalent Input/Output impedances 
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Figure 9. Photomaster for Broadband Test Circuit 





SCALE 0.75:1 





Figure 10. Broadband Test Circuit 
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MOTOROLA 
= SEMICONDUCTOR Soo 
TECHNICAL DATA 


The RF Line MRF897 
NPN Silicon 
RF Power Transistor 


Designed for 24 Volt UHF large-signal, common emitter, class-AB linear 


amplifier applications in industrial and commercial FM/AM equipment operating LE COuEA 
in the range 800-970 MHz. i. TRANSISTOR 
e Specified 24 Volt, 900 MHz Characteristics NPN SILICON 





Output Power = 30 Watts 

Minimum Gain = 10 dB @ 900 MHz, class-AB 

Minimum Efficiency = 30% @ 900 MHz, 30 Watts (PEP) 
Maximum Intermodulation Distortion -30 dBc @ 30 Watts (PEP) 


e Characterized with Series Equivalent Large-Signal Parameters from 800 to 
960 MHz 


e Silicon Nitride Passivated 


* 100% Tested for Load Mismatch Stress at all Phase Angles with 5:1 VSWR 
@ 26 Vdc, and Rated Output Power 


- e Gold Metalized, Emitter Ballasted for Long Life and Resistance to Metal- 
: Migration 

















MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[SSC «dC bot |e | Top | Mor [Unt 
OFF CHARACTERISTICS 
Vencco[ > [=] — | ve | 





Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, Ip = 0) 


[CelecorEniterBreaiown Volage (C= 80mAd,Vee=0 | Wienyoes | eo | a0 | — | ve _| 
Eni BaseBrealdown Volage(e=SmAde.10=0 | Wenyeso | _40_| 47 | — | vee 
| Cetecor Guo Curent Woe = 90 Vie Vee=0 toes |_| — | 100 | nao 


ON CHARACTERISTICS 


[ Dc Curent Gan ioe=10AdeVoe=sve) ——SCSC~*dtCi CP 


DYNAMIC CHARACTERISTICS 
[ Ouput Capactance (Vop=24Vac.ig=0f=10MNe | co» |“ | | = | oF 
(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


EEE 2 1 MI Sco DA 


FUNCTIONAL CHARACTERISTICS 


Common-Emitter Amplifier Power Gain 
(Vcc = 24 Vde, Pout = 30 Watts (PEP), leq = 125 mA, fy = 900 MHz, 
fg = 900.1 MHz) 


Collector Efficiency 
(Vcc = 24 Vde, Pout = 30 Watts (PEP), leq = 125 mA, fy = 900 MHz, 
fo = 900.1 MHz) 


Intermodulation Distortion 
(Vcc = 24 Vde, Pout = 30 Watts (PEP), log = 125 mA, fy = 900 MHz, 


fo = 900.1 MHz) 


Output Mismatch Stress No Degradation in Output Power 
(Vcc = 26 Vde, Pout = 30 Watts (PEP), log = 125 mA, fy = 900 MHz, Before and After Test 
fo = 900.1 MHz, Load VSWR = 5:1 (all phase angles)) 





VBB O - le* 


= BALUN2 





Tl ee les 
8 





TL7 
TLS C23 
Cio AR | | cis $= C20 
TL6 | | =I C24 
DUT TL8 
NZ 
Le — 
L8 
O TLIO 
BALUN 1 } B2 cg 
= ak 7 BA 
om L4 = = COAK2 
= L6 C22 
‘i R6 ak 
Vep O = 
76 r OVcc 
YY owt 
i Be ‘ic L 
B1, B2, B3, B4 — Ferrite Bead, Fair Rite #2743019447 N1, N2 — Type N Flange Mount, Omni Spectra 3052-1648-10 
C1 — 0.8-8.0 pF Trimmer Capacitor, Johanson Q1 — Bias Transistor BD136 PNP 
C2, C3, C23, C24 — 43 pF, 100 mil, ATC Chip Capacitor R1, R12 — 39 Ohm, 2.0 W 
C4, C5, C18, C19, C21, C22 — 820 pF, 100 mil, Chip Capacitor, Kemet R3, R4, R5, R6 — 4.0 x 39 Ohm, 1/8 W, Chips in Parallel, 
C6, C7, C11, C12 — 10 pF, Lytic Capacitor, Panasonic Rohm 390-J 
C8, C9, C16, C17 — 100 pF, 100 mil, Chip Capacitor, Murata Erie TL1-—TL11 — See Photomaster 
C10 — 13 pF, 50 mil, ATC Chip Capacitor Balun1, Balun2, Coax 1, Coax 2 — 2.20” 50 Ohm, 0.088” o.d. 
C13, C14 — 250 uF Lytic Capacitor, Mallory semi-rigid coax, Micro Coax 
C15 — 1.1 pF, 50 mil, ATC Chip Capacitor UT-85-M17 
C20 — 6.8 pF, 100 mil, ATC Chip Capacitor Board — 1/32” Glass Teflon, Arion GX-0300-55-22, e, = 2.55 


L1, L2, L3, L4, L5, L6 — 5 Turns 20 AWG, IDIA 0.126” choke 


Figure 1. MRF897 Broadband Test Circuit 





MRF897 MOTOROLA RF DEVICE DATA 
2-494 







ae aie Ge TS! 
ee 
el ae es 


i ee 
Bae ee ee 
Voc = 24 Vde | | 

Le ae 


log = 125 





& 


F, OUTPUT POWER (WATTS) 
8B 








8 









Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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Figure 4. Output Power versus Supply Voltage 
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Figure 6. Power Gain versus Output Power 
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Figure 3. Output Power versus Frequency 
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Figure 5. Intermodulation versus Output Power 
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Figure 7. Broadband Test Fixture Performance 
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Z’o1 = Conjugate of optimum load impedance 
into which the device operates at a given 
output power, voltage and frequency. 
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Figure 8. Series Equivalent Input/Output Impedances 
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Figure 10. Photomaster for MRF897 Test Fixture 
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MOTOROLA 


= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line MRF898 
NPN Silicon 
RF Power Transistor 


. .. designed for 24 Volt UHF large-signal, common base amplifier applications 


in industrial and commercial FM equipment operating in the range of 60 W, 850-960 MHz 
850-960 MHz. AE CONee 

a TRANSISTOR 
e Motorola Advanced Amplifier Concept Package NPN SILICON 


© Specified 24 Volt, 900 MHz Characteristics 
Output Power = 60 Watts 
Power Gain = 7.0 dB Min 
Efficiency = 60% Min 
e Double Input/Output Matched for Wideband Performance and Simplified 
External Matching 
e Series Equivalent Large-Signal Characterization 
e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 
e Silicon Nitride Passivated 








MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 





THERMAL CHARACTERISTICS 


Characteristic [Symbol Max | Unit 
Thermal Resistance, Junction to Case Resc °C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


LC haracterintio | Symbot Min’ |e | Mex | Unt 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 50 mAde, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(I¢ = 50 mAdc, VBE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current ICES 
(VCE = 30 Vdc, VBE = 0, To = 25°C) 





(continued) 





MRF898 MOTOROLA RF DEVICE DATA 
2-498 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


aa eee ee ee 


ON CHARACTERISTICS 


DC Current Gain hrE 150 
(Ic = 2.0 Ade, Vcg = 5.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance (1) Cob pF 
(Vop = 24 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Voc = 24 Vdc, Pout = 60 W, f = 900 MHz) 


Collector Efficiency 
(Voc = 24 Vde, Pout = 60 W, f = 900 MHz) 


Output Mismatch Stress 
(Voc = 24 Ve, Pout = 60 W, f = 900 MHz, 
VSWR = 5:1, all phase angles) 


NOTE: 
1. Value of “Cop” is that of die only. It is not measurable in MRF898 because of internal matching network. 





SHORTING 
PLUG 


GND 





B1, B2, B3 — Bead, Ferroxcube 56-390-65/3B TL1, TL6 — 50 Ohm Microstrip 

C1, C2, C12 — 39 pF, 100 Mil Chip Capacitor TL2 — 400 x 950 Mils 

C3, C11 — 91 pF, Mini Underwood or Equivalent TL3, TL4 — 140 x 200 Mils 

C4, C7, C9 — 10 nF, 35 V Electrolytic TLS — 320 x 690 Mils 

C5 — 4000 pF, 1.0 kV Ceramic TL7 — 260 x 230 Mils 

C6, C10 — 1000 pF, 350 V Unelco or Equivalent Board — 3M Epsilam-1 0, 50 Mil 

C8 — 47 pF, 100 Mil Chip Capacitor Bias Boards — 1/32” G10 or Equivalent 


L1, L4 — 4 Turns #18 AWG Choke 
L2— 11 Turns #20 AWG Choke on 10 Ohm, 1.0 Watt Resistor 
L3— 3 Turns #18 AWG Choke on 10 Ohm, 1.0 Watt Resistor 





Figure 1. 850-960 MHz Broadband Test Circuit 
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Pp, OUTPUT POWER (WATTS) 


Po, OUTPUT POWER (WATTS) 


ce 





Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 
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Figure 4. Output Power versus Supply Voltage Figure 5. Typical Broadband Circuit Performance 
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ZoL* = Conjugate of optimum load impedance 
into which the device operates at a 
given output power, voltage and frequency. 
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Figure 6. Input/Output Impedance versus Frequency 
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VRE BIAS BOARD — COLLECTOR BIAS BOARD 


— 


RF INPUT BOARD * RF OUTPUT BOARD 
SCALE 0.75:1 





Figure 7. Photomaster 








Figure 8. 850—960 MHz Broadband Test Circuit 
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MOTOROLA 


= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line MRF8S99 
NPN Silicon 
RF Power Transistor 


Designed for 26 Volt UHF large-signal, common emitter, Class AB linear 
amplifier applications in industrial and commercial FM/AM equipment operating 


in the range 800-960 MHz. pps inert 
¢ Specified 26 Volt, 900 MHz Characteristics TRANSISTOR 


Output Power = 150 Watts (PEP) NPN SILICON 
Minimum Gain = 8.0 dB @ 900 MHz, Class AB 

Minimum Efficiency = 35% @ 900 MHz, 150 Watts (PEP) 
Maximum Intermodulation Distortion -28 dBc @ 150 Watts (PEP) 


e Characterized with Series Equivalent Large-Signal Parameters from 800 to 


960 MHz 

e Silicon Nitride Passivated 

¢ 100% Tested for Load Mismatch Stress at all Phase Angles with 5:1 VSWR 
@ 26 Vdc, and Rated Output Power 

¢ Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


CASE 375A, STYLE 1 








MAXIMUM RATINGS 
Rating 
Coliector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector-Current — Continuous 
Total Device Dissipation @ To = 25°C 





Derate above 25°C 
Storage Temperature Range 
THERMAL CHARACTERISTICS 
a 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[erasers «id «Symbor min [tp [Max [unit 
OFF CHARACTERISTICS 












Collector-Emitter Breakdown Voltage (I¢ = 100 mAdc, Ip = 0) veryceo| 28 | 37 | — | Vac | 
Collector-Emitter Breakdown Voltage (Ic = 50 mAdc, VpE = 0) Veryces | 60 | 85 | — | vac | 
Emitter-Base Breakdown Voltage (Ie = 10 mAde, Ig = 0) Vereso| 40 | 49 | — | Vdc | 








Collector Cutoff Current (V¢E = 30 Vde, VBE = 0) | ices [ — | 
ON CHARACTERISTICS 
DYNAMIC CHARACTERISTICS 
NOTE: (continued) 
1. For information only. This part is collector matched. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Cacti «(Symon [Min | Mex [Un 


FUNCTIONAL CHARACTERISTICS 


Common-Emitter Amplifier Power Gain 
Voc = 26 Vde, Pout = 150 Watts (PEP), leq = 300 mA, fy = 900 MHz, 
fo = 900.1 MHz 
Collector Efficiency n % 
Voc = 26 Vde, Pout = 150 Watts (PEP), leq = 300 mA, fy = 900 MHz, 
fo = 900.1 MHz 
3rd Order Intermodulation Distortion 
Voc = 26 Vde, Pout = 150 Watts (PEP), leq = 300 mA, fy = 900 MHz, 
fo = 900.1 MHz 
Output Mismatch Stress y No Degradation in Output Power 
Voc = 26 Vde, Pout = 150 Watts (PEP), leq = 300 mA, fy = 900 MHz, Before and After Test 
fo = 900.1 MHz, VSWR = 5:1 (all phase angles) 


Voc 
BEL SE { 

Cli C14 C16 Ci9 
TL7 


7 
C26 


C18 C21 














= COAX 2 
C15} C17] C20 
»: = = i GO 
Vec 

B1, B2 — Ferrite Bead, Ferroxcube #56-590-65-3B L1—5 Turns 24 AWG IDIA 0.059” Choke, 19.8 nH 
C1, C2, C26, C27 — 43 pF, B Case, ATC Chip Capacitor L2, L3, L7, L9 — 4 Turns 20 AWG IDIA 0.163” Choke 
C3 — 200 pF Lytic Capacitor L4, L5, L6, L8 — 12 Turns 22 AWG IDIA 0.140” Choke, 
C4, C5, C22, C23 — 100 pF, B Case, ATC Chip Capacitor on 10-20 Q Resistor 
C6, C7, C14, C15 — 1000 pF, B Case, ATC Chip Capacitor N1, N2 — Type N Flange Mount, Omni Spectra 
C10 — 9.1 pF, A Case, ATC Chip Capacitor Q1 — Bias Transistor BD136 PNP 
C13 — 500 pF Electrolytic Capacitor R2, R3, R4, R5 — 4.0 x 39 Ohm 1/8 W Chips in Parallel 
C18 — 3.9 pF, B Case, ATC Chip Capacitor Rta, Rib — 56 Ohm 1.0 W 
C21 — 0.8 pF, B Case, ATC Chip Capacitor TL1—TL8 — See Photomaster 
C8, C9, C16, C17 — CDR32BP182AJWS, 1800 pF, AVX Chip Balun1, Balun2, Coax 1, Coax 2 — 2.20” 50 Ohm 0.088” o.d. 

or . semi-rigid coax 
C11, C12, C19, C20, C24, C25 — 10 pF, Electrolytic Capacitor Board — 1/32” Glass Teflon, er = 2.55” Arlon (GX-0300-55-22) 


Panasonic 


Figure 1. 900 MHz Power Gain Test Circuit 
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Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 





° 500 820 840 860 880 900 920 940 960 
Pin, INPUT POWER (WATTS) {, FREQUENCY (MHz) 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 


fy = 900 MHz 
fo = 900.1 MHz 
Voc = 26 Vde 
Igq = 300 mA 


Pout, OUTPUT POWER (WATTS) 
IMD, INTERMODULATION DISTORTION (dBc) 





22 24 25 50 75 100125 180 175 
Voc, COLLECTOR VOLTAGE (VOLTS) Pout OUTPUT POWER, WATTS (PEP) 
Figure 4. Output Power versus Supply Voltage Figure 5. Intermodulation versus Output Power 
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Figure 6. Power Gain versus Output Power Figure 7. Broadband Test Fixture Performance 
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with Circuit Tuned for Maximum Gain @ Po = 150 W (PEP), Vcc = 26 V 


MOTOROLA RF DEVICE DATA 








[on sais | aseeeor _ 
[ew asronae | aaiveoe 
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Zo," = Conjugate of optimum load impedance into 
which the device operates at a given output 
power, voltage and frequency. 





Figure 8. Input and Output Impedances 
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Figure 9. Photo of 900 MHz Test Circuit 
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Figure 10. MRF899 Test Circuit Photomaster 
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Figure 11. MRF899 Test Fixture Component Layout 
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MOTOROLA 
= SEMICONDUCTOR [oo 
TECHNICAL DATA 


The RF Line MRF901 
NPN Silicon 
High-Frequency Transistor 


. .. designed primarily for use in high-gain, low-noise, small-signal amplifiers. 


; : : eae 2.5 dB @ 1.0 GHz 
Also usable in sppecalions requiring fast switching times. HIGH-FREQUENCY 
e High Current-Gain — Bandwidth Product — TRANSISTOR 


fT = 4.5 GHz (Typ) @ Ic = 15 mAdc NPN SILICON 
e Low Noise Figure @ f = 1.0 GHz — 
NF = 2.0 dB (Typ) and 2.5 dB (Max) 


¢ High Power Gain — Gpe = 10 dB (Min) @ f = 1.0 GHz 
e Third Order Intercept = +23 dBm (Typ) 





> 


CASE 317, STYLE 2 
MAXIMUM RATINGS 











THERMAL CHARACTERISTICS 
po mractaristic | Sambo Mx Unk 
[Thermal Resistance, lunciontoAmbient_———=SCSCS~*~“~*~*wCR YS SSC*YC 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Gharacteratic<Symbor [in [ve Max [Unit | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(ic = 1.0 mAde, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 0.1 mAde, IE = 0) 
Emitter-Base Breakdown Voltage 
(Ig = 0.1 mAdg, Ic = 0) 
Collector Cutoff Current 
(Vo = 15 Vde, IE = 0) 
(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


i ec ew | ae ee 


ON CHARACTERISTICS 


DC Current Gain hFE 200 
(Ic = 5.0 mAdc, VcE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 
Current-Gain — Bandwidth Product 
(Ic = 15 mAdc, Vog = 10 Vde, f = 1.0 GHz) 
Collector-Base Capacitance 
(VoB = 10 Vde, IE = 0, f = 1.0 MHz) 


Noise Figure 
(Ic = 5.0 mAde, VcE = 6.0 Vde, f = 1.0 GHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Vcc = 6.0 Vde, Ic = 5.0 mA, f = 1.0 GHz) 








Voc = 6 Vde 








RF OUTPUT 
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Figure 2. Maximum Unilateral Gain versus Frequency 
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Figure 3. Current Gain — Bandwidth Product 
versus Collector Current 
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f7, CURRENT GAIN — BANDWIDTH PRODUCT (GHz) 
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Figure 5. Noise Figure versus Collector Current 
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Figure 7. 1S24I2 versus Frequency 


MRF901 
2-510 


NF, NOISE FIGURE (dB) 


Gu(max)» MAXIMUM UNILATERAL GAIN (dB) 
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Figure 4. Noise Figure versus Frequency 





Ic, COLLECTOR CURRENT (mA) 


Figure 6. Maximum Unilateral Gain versus 
Collector Current 





Vcp, COLLECTOR-BASE VOLTAGE (Vde) 


Figure 8. Collector-Base Capacitance versus 
Collector-Base Voltage 
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Table 2. Common Emitter S-Parameters, VcE = 10 V 
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COORDINATES IN OHMS 





Figure 9. Input and Output Reflection Figure 10. Forward/Reverse Transmission 
Coefficients versus Frequency Coefficients versus Frequency 
(VCE = 10 V, Ic = 15 mA) (VCE = 10 V, Ic = 15 mA) 
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Figure 11. Source Impedance (I'ms) for 
Optimum Noise Figure versus Frequency 
(VCE = 10 V, Ic = 5.0 mA) 
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Figure 12. Constant Gain and Noise 
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Figure 13. Constant Gain and Noise 


*MAXIMUM AVAILABLE GAIN, Ggmax = 


Figure Contours 
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TECHNICAL DATA 


The RF Line 

NPN Silicon 

Low Noise, High-Frequency 
Transistors 


. .. designed for use in high gain, low noise small-signal amplifiers. This series 
features excellent broadband linearity and is offered in a variety of packages. 


e Fully implanted Base and Emitter Structure 
e 9 Finger, 1.25 Micron Geometry with Gold Top Metal 
e Gold Sintered Back Metal 


MAXIMUM RATINGS 





MRF941 
MMBR941LT1 
MMBR941BLT1 
MRF9411LT1 
MRF9411BLT1 


I¢ =50 mA 
LOW NOISE 
HIGH-FREQUENCY 
TRANSISTORS 


aC 


CASE 317, STYLE 2 
MACRO-X 
MRF941 


CASE 318-07, STYLE 6 
SOT-23 
LOW PROFILE 
MMBR941LT1, MMBR941BLT1 


CASE 318A, STYLE 1 
SOT-143 
LOW PROFILE 
MRF9411LT1, MRF9411BLT1 


Rating [Symbol [wnat | wwBRORTET | _wnFeaTICTH [Unit 


Collector-Emitter Voltage 


Calcio Base Votage eS er 


Emitter-Base Voltage } 15 | 
Power Dissipation (1) Tc = 50°C |} 4 


Collector Current — Continuous (2) 


0 
Maximum Junction Temperature 
Storage Temperature ~-65 to +150 —65 to +150 —65 to +150 
Thermal Resistance, Junction to ase Rac | 280 | 0 ~~ 00 —=«Ys ow 


DEVICE MARKING 
MMBR941LT1 = 7Y MMBR941BLT1 = 7N 
MRF9411LT1 = 10 MRF9411BLT1 = 18 
NOTES: 


ee 
a 
-¢ 





1.5 
Fees eee ec 
| =85 +180 | 


1. To calculate the junction temperature use Ty = Pp x Rey + TCASE- Case temperature measured on collector lead immediately adjacent to 


body of package. 
2. I¢ — Continuous (MTBF = 10 years). 


MRF941eMMBR941LT1eMMBR941BLT1eMRF9411LT1eMRF9411BLT1 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


P Characteristic | Symbol Yin | tye | Mex | Unit 


OFF CHARACTERISTICS (3) 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(ic = 0.1 mA, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 0.1 mA, IE = 0) 
Emitter Cutoff Current pAdc 
(EB =1.0V, Io= 0) 
Collector Cutoff Current IcBo pAdc 
(Vos = 10 V, Ie = 0) 






ON CHARACTERISTICS (3) 


DC Current Gain 
(VCE = 6.0 V, Ic = 5.0 mA) (MRF941, MMBR941LT1, MRF9411LT1) 


(MRF941B, MMBR941BLT1, MRF9411BLT1) 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(Vos = 10 V, IE = 0, f = 1.0 MHz) 
Current Gain — Bandwidth Product 
(VCE = 6.0 V, Io = 15 mA, f = 1.0 GHz) 


NOTE: 
3. Pulse width < 300 ps, duty cycle < 2% pulsed. 











PERFORMANCE CHARACTERISTICS 


enna | smoot | | smoot | ae Te] MRF9411LT1 MMBR941 Fa 
nditions mi 
a | Typ | Mex | le | Typ | Max | Min | Typ | Max | 

Insertion Gain 1So4l2 

(VcE = 6.0 V, Ig = 15 mA, f = 1.0 GHz) 14 

(VcE = 6.0 V, Ic = 15 mA, f = 2.0 GHz) 8.0 
Maximum Unilateral Gain (1) GU max 

(VCE = 6.0 V, Ic = 15 mA, f = 1.0 GHz) 18 

(VCE = 6.0 V, Ic = 15 mA, f = 2.0 GHz) 12 
teres “™ |=lele[elele[-felef 

GNF 

(VcE = 6.0 V, Ic = 5.0 mA, f = 1.0 GHz) 

(VcE = 6.0 V, Ic = 5.0 mA, f = 2.0 GHz) 
Noise Figure — 50 ohm Source 1.9 

(VcE = 6.0 V, Ic = 5.0 mA, f = 1.0 GHz) 


(VCE = 6.0 V, Ic = 5.0 mA, f = 1.0 GHz) 
NOTE: 1So4 2 


(VcE = 6.0 V, Ic = 5.0 mA, f = 2.0 GHz) 

Associated Gain at Minimum NF 
1. Maximum Unilateral Gain is GUmax = PEITSAN LYST ATG 
(1-184 41°)(1 -ISaal*) 
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TYPICAL CHARACTERISTICS 


VoE= 


Cop, CAPACITANCE (pF) 

hrE, DC CURRENT GAIN 
UT 
ime 





i i 


7 10 50 70 100 
Vop, REVERSE VOLTAGE (V) Io, pes net ca 
Figure 1. Collector-Base Capacitance Figure 2. DC Current Gain versus 
versus Voltage Collector Current 
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{7, GAIN BANDWIDTH PRODUCT (GHz) 
|So4/2, INSERTION GAIN (dB) 
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Figure 3. Gain Bandwidth Product versus Figure 4. Insertion Gain versus Collector Current 
Collector Current 
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FORWARD INSERTION GAIN AND 
MAXIMUM UNILATERAL GAIN versus FREQUENCY 
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Figure 9. Functional Circuit Schematic 
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Table 1. MRF941 Common Emitter S-Parameters 


——— 
MRF941eMMBR941LT1eMMBR941BLT1eMRF9411LT1eMRF9411BLT1 MOTOROLA RF DEVICE DATA 
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(continued) 


Table 2. MMBR941LT1 Common Emitter S-Parameters 


A TR 
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(continued) 


Table 3. MRF9411LT1 Common Emitter S-Parameters 
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Table 3. MRF9411LT1 Common Emitter S-Parameters (continued) 
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VCE = 6.0 V 
Ic =5.0mA 





— AREA OF INSTABILITY 
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Figure 10. MRF941 Constant Gain and Noise Figure Contours 
(f = 0.5 GHz) 
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Figure 11. MRF941 Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 
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Figure 13. MMBR941LT1 Constant Gain and Noise Figure Contours 
= 1.0 GHz) 
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Figure 15. MMBR941LT1 Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 
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Figure 16. MRF9411LT1 Constant Gain and Noise Figure Contours 
(f = 0.5 GHz) 
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Figure 17. MRF9411LT1 Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 
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Figure 18. MRF9411LT1 Constant Gain and Noise Figure Contours 
(f = 0.5 GHz) 
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Figure 19. MRF9411LT1 Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 
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MOTOROLA 
= SEMICONDUCTOR Ss 
TECHNICAL DATA 


; MRF947T1 
The RF Line 
NPN Silicon MRF947BT1 


RF Power Transistor 


Designed for use in high gain, low noise. small-signal amplifiers. This 


transistor features excellent broadband linearity, in an ultra-small surface mount I¢=50mA 

package suitable for automated assembly. LOW NOISE 

e Fully implanted Base and Emitter Structure HIGH-FREQUENCY 
TRANSISTOR 


e 9 Finger, 1.25 Micron Geometry with Gold Top Metal 
e Gold Sintered Back Metal 


ca 
MAXIMUM RATINGS 








Collector-Emitter Voltage 
Collector-Base Voltage | 
Emitter-Base Voltage eee ee 
Power Dissipation(1) Ta = 25°C ee ee 
Collector Current — Continuous(2) i eee 
Maximum Junction Temperature a ee 
Storage Temperature °C 
Thermal Resistance, Junction to Ambient 714 

DEVICE MARKING 
MRF947T1 =A MRF947BT1 =H 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


eee ee een Fe I 


OFF CHARACTERISTICS (3) 
Collector-Emitter Breakdown Voltage V(BR)CEO 12 Vde 
(Ic = 0.1 MA, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 0.1 mA, IE = 0) 





Emitter Cutoff Current pAdc 
(Vep = 1.0 V, Ic = 0) 

Collector Cutoff Current IcBo pAdc 
(Vc = 10 V, IE = 0) 


NOTES: (continued) 
1. To calculate the junction temperature use Ty = Pp x Rega + TAMBIENT- 
2. I¢ — Continuous (MTBF = 10 years) 
3. Pulse width < 300 ys, duty cycle < 2% pulsed. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


eae as Se OO | 


ON CHARACTERISTICS (3) 


[oc GurentGanVoe=eovionsom ———SSCSC~idCS PS 


DC Current Gain 


(VCE = 1.0 V, Ic = 500 pA) 
(VCE = 6.0 V, Ic = 5.0 mA) MRF947BT1 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(Vcp = 10 V, IE = 0, f = 1 MHz) 


Current Gain — Bandwidth Product 
(VCE = 6.0 V, Ig = 15 MA, f = 1.0 GHz) 


NOTE: 
3. Pulse width < 300 ps, duty cycle < 2% pulsed. 








PERFORMANCE CHARACTERISTICS 
Conditions 


insertion Gain 
(VCE = 6.0 V, Io = 15 mA, f = 1.0 GHz) 
(VCE = 6.0 V, Ic = 15 MA, f = 1.5 GHz) 


Maximum Unilateral Gain(1) 
(VCE = 6.0 V, Ig = 15 MA, f = 1.0-GHz) 
(VCE = 6.0 V, IG = 15 mA, f= 1.5 GHz) 


Noise Figure 
(VCE = 6.0 V, Ic = 5.0 mA, f = 1.0 GHz) 
(VCE = 6.0 V, Ic = 5.0 mA, f = 1.5 GHz) 


Associated Gain at Minimum 
(VCE = 6.0 V, Ig = 5.0 mA, f = 1.0 GHz) 
(VCE = 6.0 V, ic = 5.0 mA, f = 1.5 GHz) 


Noise Figure 
(VCE = 6.0 V, Io = 5 mA, f = 1.0 GHz) 





S212 


NOTE: 1. Maximum Unilateral Gain is Gy max f. —_— 
1 -|S41/) (1 - [S22/2) 


(MAG, aiGkes 





0.33 277 
0.26 2 141 


Table 1. Typical Noise Parameters 
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TYPICAL CHARACTERISTICS 


C, CAPACITANCE (pF) 


REVERSE VOLTAGE (V) 


Figure 1. Capacitance versus Voltage 
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Figure 3. Gain-Bandwidth Product versus 
Collector Current 
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Figure 5. Noise Figure and Associated Gain 
versus Frequency 
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Figure 2. DC Current Gain versus Collector Current 


re eet ll 
ma alll ——}—|.. | +1 
PAaniiill SHH maaill 
yémuliill BEE nll 
din cdi iat ll 
cent i aa a 

il 









2 5 10 20 30 
Ic, COLLECTOR CURRENT (mA) 


Figure 4. Associated Gain and Noise Figure 
versus Collector Current 
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Figure 6. Forward Insertion Gain and Maximum 
Stable Power Gain versus Frequency 
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Figure 9. Constant Gain and Noise Figure Contours 
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RF OUTPUT 
RF INPUT “SLUG TUNER “BIAS 
*BIAS — ** SLUG TUNER NETWORK 
K 
RETR *HP11590B 
**MICROLAB/FXR 


SF-11N < 1GHz i 
c SF-31N 21 GHz 











Figure 10. Functional Circuit Schematic 











(continued) 


Table 2. Common Emitter S-Parameters 





MOTOROLA RF DEVICE DATA MRF947T1eMRF947BT1 
2-531 





Table 2. Common Emitter S-Parameters (continued) 
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MOTOROLA 
TECHNICAL DATA 


The RF Line 

NPN Silicon 

Low Noise, High-Frequency 
Transistors 


. .. designed for use in high gain, low noise small-signal amplifiers. This series 
features excellent broadband linearity and is offered in a variety of packages. 


e Fully Implanted Base and Emitter Structure 
e 18 Finger, 1.25 Micron Geometry with Gold Top Metal 
e Gold Sintered Back Metal 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 















Collector-Base Voltage | Vcpo =| 20 
Emitter-Base Voltage 15 

Power Dissipation (1) Tc = 50°C | Po [ars 
oie a 


Collector Current — Continuous (2) 
Maximum Junction Temperature 


Storage Temperature 


Thermal Resistance, Junction to Case 


DEVICE MARKING 
MRF9511LT1 = 11 MMBR951ALT1 = AAG MMBR9Q5SiLT1 = 7Z 
NOTES: 





is inte es Oe 
ee ee ae ee ee 


—65 to +150 —65 to +150 —65 to +150 
ee 


SEMICONDUCTOR 


MRF951 
MMBR951LT1 
MMBR951ALT1 
MRF9511LT1 


I¢ = 100 mA 
LOW NOISE 
HIGH-FREQUENCY 
TRANSISTORS 


aC 


CASE 317, STYLE 2 
MACRO-X 
MRF951 


® 


CASE 318-07, STYLE 6 
SOT-23 
LOW PROFILE 
MMBR951LT1, MMBR951ALT1 


® 


CASE 318A, STYLE 1 
SOT-143 
LOW PROFILE 
MRF9511LT1 





10 
20 
0.3 


| Unit 


1. To calculate the junction temperature use Ty = (Pp x Rega) + TCASE- Case temperature measured on collector lead immediately adjacent 


to body of package. 
2. I¢ — Continuous (MTBF = 10 years). 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


ee 
OFF CHARACTERISTICS (3) 












Collector-Emitter Breakdown Voltage 


V(BR)CEO Vde 
(Ic = 0.1 mA, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 0.1 mA, IE = 0) 
Emitter Cutoff Current pAdc 
(VEB = 1.0 V, Ic = 0) 
Collector Cutoff Current IcBOo pAdc 
(VoB = 10 V, IE = 0) 


ON CHARACTERISTICS (3) 


DC Current Gain b 
(VCE = 6.0 V, Ic = 5.0 mA) 50 
(VCE = 6.0 V, Ig = 5.0 mA) MMBR951ALT1 75 





DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(Vos = 10 V, IE = 0, f = 1.0 MHz) 


Current Gain — Bandwidth Product 
(VCE = 8.0 V, Ig = 30 mA, f = 1.0 GHz) 


NOTE: 
3. Pulse width < 300 ps, duty cycle < 2% pulsed. 





PERFORMANCE CHARACTERISTICS 


eon | smoot | ii smote a MRF9511LT1 | MMBRO51LT1 
onditions mi 
rss [ae] 

Insertion Gain 1S24l2 

(VCE = 8.0 V, I¢ = 30.MA, f = 1.0 GHz) 125 

(VCE = 8.0 V, Ic = 30 mA, f = 2.0 GHz) 7.0 
Maximum Unilateral Gain (1) 

(VCE = 8.0 V, Ic = 30 mA, f = 1.0 GHz) 17 17 14 

(VCE = 8.0 V, Io = 30 mA, f = 2.0 GHz) : 11 10.5 8.0 
teiyers = =fel=[=felelclele| * 

GNF 

(VCE = 6.0 V, Ic = 5.0 mA, f = 1.0 GHz) 14 13 

(VCE = 6.0 V, Ic = 5.0 mA, f = 2.0 GHz) 9.0 75 
Noise Figure — 50 ohm Source NF50 Q 

(VCE = 6.0 V, I¢ = 5.0 mA, f = 1.0 GHz) 


(VCE = 6.0 V, Ic = 5.0 mA, f = 1.0 GHz) 
NOTE: 1So4i2 


(VCE = 6.0 V, Ic = 5.0 mA, f = 2.0 GHz) 
1. Maximum Unilateral Gain is GUmax = PT Se PTET 
(1-184 4I°)(4 -IS2al*) 

































Associated Gain at Minimum NF 
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TYPICAL CHARACTERISTICS 
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Vop, REVERSE VOLTAGE (V) 


Figure 1. Collector-Base Capacitance 
versus Voltage 
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Figure 3. Gain Bandwidth Product versus 
Collector Current 
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hfe, DC CURRENT GAIN 





Ic, COLLECTOR CURRENT (mA) 


Figure 2. DC Current Gain versus 
Collector Current 
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Figure 4. Insertion Gain versus Collector Current 
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TYPICAL FORWARD INSERTION GAIN AND 
MAXIMUM UNILATERAL GAIN versus FREQUENCY 
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RF OUTPUT 
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Figure 9. Functional Circuit Schematic: 
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(continued) 


Table 1. MRF951 Common Emitter S-Parameters 
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8 | iy | ato Paar 
(Vde) (mA) 
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Table 1. MRF951 Common Emitter S-Parameters (continued) 
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Table 2. MMBR951LT1 Common Emitter S-Parameters 
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(continued) 
Table 3. MRF9511LT1 Common Emitter S-Parameters 
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Table 3. MRF9511LT1 Common Emitter S-Parameters (continued) 
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Figure 12. MRF9511LT1 Constant Gain and Noise Figure Contours 
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Figure 13. MRF9511LT1 Constant Gain and Noise Figure Contours 
(f = 1.0 GHz) 
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MOTOROLA 


= SEMICONDUCTOR Sox 
TECHNICAL DATA 


The RF Line 

NPN Silicon 

Low Noise, High-Frequency 
Transistor 


Ic = 100 mA 

Designed for use in high gain, low noise small-signal amplifiers. This LOW NOISE 
transistor features excellent broadband linearity and is offered in an ultra-small HIGH-FREQUENCY 

surface mount package suitable for automated assembly. TRANSISTOR 


e Fully Implanted Base and Emitter Structure 
e 18 Finger, 1.25 Micron Geometry with Gold Top Metal 
e Gold Sintered Back Metal 


MAXIMUM RATINGS 
Rating 


Collector-Emitter Voltage 
Collector-Base Voltage | 20 | 


1 
Emitter-Base Voltage p15 | 
Power Dissipation (1) mw 
Collector Current — Continuous (2) Io 
Maximum Junction Temperature 
Storage Temperature 


Thermal Resistance, Junction to Case Rec °C/W 
DEVICE MARKING 


CASE 419, STYLE 3 
MRF957T1 = B 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





[harass «dC mbar [in [te | Mex | on 
OFF CHARACTERISTICS (3) 












[ GolereniterSreatdon Voapo(g=OimAla=O —‘[vanceo] 0 ® | — | ve | 
| GoledorSacBrakion Volage (o=01 mA e=0 _|[Varoao | 2 | | — | ve _| 
[Eni GachGureniven=1@ule=0 ————«dt—seto | — | — | > | one | 
| Golecr Cuo Cure oa=ovie= ————————*dt ten | = = | ot one_| 


ON CHARACTERISTICS (3) 


DC Current Gain hee 200 
(VcE = 6.0 V, Ic = 5.0 mA) 
DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 V, Ie = 0, f = 1.0 MHz) 


Current Gain — Bandwidth Product 
(VCE = 8.0 V, Ic = 30 mA, f = 1.0 GHz) 





NOTES: 
1. Case Temperature is measured on the collector lead where it first contacts the printed circuit board closest to the package. To calculate 
the junction temperature use Ty = Pp x Reyc + TCASE.- 
2. I¢ — Continuous (MTBF = 10 years) 
3. Pulse width < 300 ps, duty cycle < 2% pulsed. 
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PERFORMANCE CHARACTERISTICS 


Insertion Gain 
(VCE = 5.0 V, Ig = 30 mA, f = 1.0 GHz) 
(VcE = 5.0 V, Ic = 30 mA, f = 1.5 GHz) 


Maximum Unilateral Gain (1) 
(VcE = 5.0 V, Ic = 30 mA, f = 1.0 GHz) 
(VCE = 5.0 V, Io = 30 mA, f = 1.5 GHz) 


Noise Figure 
(VCE = 6.0 V, Ico = 5.0 mA, f = 1.0 GHz) 
(VCE = 6.0 V, Ic = 5.0 mA, f = 1.5 GHz) 


Associated Gain at Minimum 
(VCE = 6.0 V, Ic = 5.0 mA, f = 1.0 GHz) 
(VCE = 6.0 V, Ic = 5.0 mA, f = 1.5 GHz) 


Noise Figure 
(VCE = 6.0 V, Ic = 5.0 mA, f = 1.0 GHz) 


NOTE: 1. Maximum Unilateral Gain is GU max 








gon Alle = 
(1 -|S44]?) (1 - S29/7) 


Table 1. Typical Noise Parameters 


TYPICAL CHARACTERISTICS 
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Figure 3. Gain-Bandwidth Product versus 
Collector Current 
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Figure 5. Insertion Gain and Maximum 
Stable Power Gain versus Frequency 
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Figure 6. Noise Figure and Associated 
Gain versus Frequency 
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Figure 8. Constant Gain and Noise Figure Contours 
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SF-11N < 1.0 GHz 

SF-31N 2 1.0 GHz 


(continued) 


Table 2. Typical Common Emitter S-Parameters 





MOTOROLA RF DEVICE DATA MRF957T1 
2-547 





Table 2. Typical Common Emitter S-Parameters (continued) 





MRF957T1 MOTOROLA RF DEVICE DATA 
2-548 


MOTOROLA 
= SEMICONDUCTOR So 
TECHNICAL DATA 


The RF Line MRF1000MA 


Microwave Pulse MRF1000MB 
Power Transistors 


. .. designed for Class A and AB common emitter amplifier applications in the 


low-power stages of IFF, DME, TACAN, radar transmitters, and CW systems. 0.7 W, 960-1215 MHz 


CLASS A/AB 
e Guaranteed Performance @ 1090 MHz, 18 Vdc — Class A MICROWAVE POWER 
Output Power = 0.2 Watt TRANSISTORS 
Minimum Gain = 10 dB NPN SILICON 





e 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
e Industry Standard Package 
e Nitride Passivated 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Internal Input Matching for Broadband Operation 


MAXIMUM RATINGS 


[Rating i Symbot [Vales [Unit] 


CASE 332-04, STYLE 2 
MRF1000MA 






Collector-Emitter Voltage VCEO | 20 | 
Zadar io eso [ev 








Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 7.0 Watts 
Derate above 25°C 40 mwrc 


Storage Temperature Range 


ss 


THERMAL CHARACTERISTICS 
[Characteristic | Symmbot | Max [Unit | CASIRFIOOOME 
Thermal Resistance, Junction to Case (2) Rec [ CW 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[harass «dC mbt] | op Mex [Ut 
OFF CHARACTERISTICS 















Collector-Emitter Breakdown Voltage V(BR)CEO Vdc 
(Ic = 5.0 mAde, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vdc 

(Ic = 5.0 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 5.0 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(lg = 1.0 mAde, Ic = 0) 

Collector Cutoff Current ICBO mAdc 
(Vo = 20 Vdc, Ig = 0) 





ON CHARACTERISTICS ; 
DC Current Gain 100 
(Ic = 100 mAdc, VcE = 5.0 Vde) 
NOTES: (continued) 


1. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 





MOTOROLA PF DEVICE DATA MRF1000MAeMRF1000MB 
2-549 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a a | | |e 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vop = 28 Vde, IE = 0, f= 1.0 MHz) 


FUNCTIONAL TESTS 
Common-Emitter Power Gain — Class A 


(VE = 18 Vde, Ic = 100 mAde, f = 1090 MHz, Poyt = 200 mw) 


Common-Emitter Power Gain — Class AB 


(VCE = 18 Vdc, I¢q = 10 mAde, f = 1090 MHz, Poyt = 0.7 W) 


Load Mismatch — Class A 


(VCE = 18 Vde, I¢ = 100 mAde, f = 1090 MHz, Poyt = 200 mw, 


No Degradation in Power Output 





VSWR = 10:1 All Phase Angles) 








C1, C2, C3, C7, C8, C10 — 220 pF ATC 100 mil 
C4, C9 — 4.7 uF 50 V Tantalum 
C5, C6 — 0.8-8.0 pF Johanson #7290 


Z1-Z10 — Distributed Microstrip Elements 
— See Figure 8 


Board Material — 0.031” Thick Teflon-Fiberglass 
r= 2.56 


RF 
INPUT 


Class AB Bias Control Circuit 
18 V Output Icq 10 mA Nominal 


+18 V INPUT 


+18 V COLLECTOR BIAS 
OUTPUT TO POINT C 


1/2W 
BASE BIAS OUTPUT 
TO POINT B 

10 
12W 





COLLECTOR BIAS INPUT 


Class A Constant Current Bias Control Circuit 
Ic = 100 mA, VcE = 18 V 


O +28 V INPUT 


OH *18V COLLECTOR BIAS 
0.1 hF~ OUTPUT TO POINT C 


50V 


BASE BIAS OUTPUT 


Figure 1. 1090 MHz Test Circuit 


MRF1000MAeMRF1000MB 
2-550 





MOTOROLA RF DEVICE DATA 


Pout, OUTPUT POWER (WATTS) 


Pout OUTPUT POWER (WATTS) 





Pin, INPUT POWER (mW) f, FREQUENCY (MHz) 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 


= ae Rae Ba 
ae Cor 
oat | | tT TT 


I, COLLECTOR CURRENT (AMP) 
GpE, POWER GAIN (dB) 





Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 4. DC Safe Operating Area Figure 5. Power Gain versus Frequency 


SERIES EQUIVALENT IMPEDANCES 
Pout = 0.5 W, Vog = 18 Vdc, 
log = 10 mAde, Class AB 


960 | 3.0+j9.0 | 16-j40 
1090 | 3.2+j10 | 8.5-j31 
1215 | 28+j12 | 7.0-j26 


Zox* = Conjugate of the optimum load impedance 
into which the device output operates at a 
given output power, voltage, and frequency. 





S-PARAMETERS — Vog = 18 Vac, Ic = 100 mAde, Class A 


| Siz | Sen 
Lisist | 2 |iSort | Ze | Sat | 26 | 18201 | 20 | 


42 





COORDINATES IN OHMS 





Figure 6. Common-Emitter S-Parameters and Series Equivalent Input/Output Impedances 


MOTOROLA RF DEVICE DATA MRF1000MAeMRF1000MB 
2-551 





Figure 7. 1090 MHz Test Amplifier 


CLASS A BIAS NETWORK 





AMPLIFIER 
= ty 


(°) MRF 1000M 





SCALE 0.75:1 


Figure 8. Printed Circuit Board Layout — 1090 MHz Test circuit 





MRF1000MAeMRF1000MB MOTOROLA RF DEVICE DATA 
2-552 


MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line MRF1002MA 
Microwave Pulse MRF1002MB 
Power Transistors 


... designed for Class B and C common base amplifier applications in short 
and long pulse TACAN, IFF, DME, and radar transmitters. 


e Guaranteed Performance @ 1090 MHz, 35 Vdc MICROWAVE POWER 
Output Power = 2.0 Watts Peak TRANSISTORS 
Minimum Gain = 10 dB NPN SILICON 


e 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
e Industry Standard Package 
e Nitride Passivated 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Internal Input Matching for Broadband Operation 


2.0 W (PEAK), 960-1215 MHz 





MAXIMUM RATINGS 


[Rating «dS mor [vale | 
[Cotesoremiervotage ————~—S*;‘oeo || vee 
[Cotecorsasevorase «| ‘Voso |_| 
Veco [| 35 _| 
FCotecorGurent—Coninanws [io | 280 | mat 
ee ee ce 
Derate above 25°C 40 mwrc 
SSE 
THERMAL CHARACTERISTICS 


[astra [ Simbel [wax [ant ons 002ME 
Thermal Resistance, Junction to Case (2) | Ryc { 2 | °C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 












CASE 332-04, STYLE 1 
MRF1002MA . 2 





Pp Cheracteristie Symbol tain] eax Unt 
OFF CHARACTERISTICS 









Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 5.0 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 5.0 mAdc, VBE = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 5.0 mAde, IE = 0) 






Emitter-Base Breakdown Voltage V(BR)EBO 
(ig = 1.0 mAde, Ic = 0) 

Collector Cutoff Current _ IcBO 
(Vc = 35 Vde, IE = 0) 








ON CHARACTERISTICS 
DC Current Gain hee 
(I¢ = 100 mAdc, VcE = 5.0 Vde) 
NOTES: (continued) 


1. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 





MOTOROLA RF DEVICE DATA MRF1002MAeMRF1002MB 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[CharacerstoSymboh [min |e mex [Unt 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vop = 35 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 ps, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Voc = 35 Vde, Pout = 2.0 W pk, f = 1090 MHz) 


Collector Efficiency 


(Voc = 35 Vie, Pout = 2.0 W pk, f= 1090 MHz) 


Load Mismatch 
(Voc = 35 Vde, Pout = 2.0 W, f = 1090 MHz, 
VSWR = 10:1 All Phase Angles) _ 





RF 


RF 
OUTPUT 


INPUT 





C1, C3 — 220 pF Chip Capacitor, 100 mil ATC 
C2 — 20 pF/50 Vdc Electrolytic 
C4 — 0.1 uF Erie Redcap 
Li, L2 — 2 Turns #18 AWG, 1/8” ID 
Z1-Z14 — Distributed Microstrip Elements — See Figure 9 
Board Material — 0.031” Thick Teflon-Fiberglass, 
era 2.56 


Figure 1. 1090 MHz Test Circuit 





MRF1002MAeMRF1002MB MOTOROLA RF DEVICE DATA 


2-554 








= = 
= = 
G » i 
= = 
S es 5 
2 15 2 
Ee 
a -_L!||wy 3 
= 3 
© 1 He oe 
Vi 
Olea Lol | ie 
0 40 80 120 “160 200 
Pin, INPUT POWER (mW pk) f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 
= i = 
= s 
oc 
2 3 
4 & 
5 = 
E 2 
5 g 
& 
Voc, SUPPLY VOLTAGE (V) {, FREQUENCY (MHz) 
Figure 4. Output Power versus Supply Voltage Figure 5. Power Gain versus Frequency 


Voc = 35 Vac, 
tp=10 ps, D= 1.0% 





ZoL* Zol" 
Zin Ohms Ohms 
Ohms = | Poyt=2.0Wpk | Pin = 0.2 W pk 


960 | 15.5+j16.5 20 + j32.5 25 +j21 
090 15 +j20 25 + j34 31 +j26 
215 14+ j27 33.5 + /42.5 37 +: j32.5 


1 
1 
Zo.” = Conjugate of the optimum load impedance into which 
the device output operates at a given output power, 
voltage, and frequency. 





Figure 6. Series Equivalent Input/Output Impedance 


MOTOROLA RF DEVICE DATA MRF1002MAeMRF1002MB 
2-555 





Figure 7. 1090 MHz Test Amplifier 





SCALE 0.75:1 


Figure 9. Printed Circuit Board Layout — 1090 MHz Test circuit 





MRF1002MAeMRF1002MB MOTOROLA RF DEVICE DATA 
2-556 


MOTOROLA 


= SEMICONDUCTOR Sn 
TECHNICAL DATA 


The RF Line MRF1004MA 
Microwave Pulse MRF1004MB 
Power Transistors 


... designed for Class B and C common base amplifier applications in short 
and long pulse TACAN, IFF, DME, and radar transmitters. 


e Guaranteed Performance @ 1090 MHz, 35 Vde MICROWAVE POWER 
Output Power = 4.0 Watts Peak TRANSISTORS 
Minimum Gain = 10 dB NPN SILICON 

e¢ 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

e Industry Standard Package 

e Nitride Passivated 

e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 
e Internal Input Matching for Broadband Operation 


4.0 W, 960-1215 MHz 














MAXIMUM RATINGS 
a 
Collector-Emitter Voltage 


Collector-Base Voltage VcBo } 50 
Emitter Base Voltage | Yexo | 35 


Collector Current — Continuous mAdc 


Total Device Dissipation @ Tc = 25°C (1) 7.0 Watts 
Derate above 25°C 40 mw 


Storage Temperature Range Tstg —65 to +150 = 







CASE 332-04, STYLE 1 
Vde MRF1004MA 
Vde 

Vde 

Cc 








Eas 





THERMAL CHARACTERISTICS 
[haste Symbol [wax [Unt ae | 
[TremalRettnce, uneionoase’@ | Raio [ 2 | “ow _| 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 














ce 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 5.0 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 5.0 mAdc, VBeE = 0) 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 5.0 mAdc, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 1.0 mAdg, Ic = 0) 
Collector Cutoff Current ICBO mAdc 
(VcB = 35 Vde, IE = 0) 
ON CHARACTERISTICS 
DC Current Gain hee 10 100 
(I¢ = 75 mAdc, VcE = 5.0 Vde) 
NOTES: (continued) 


1. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 








MOTOROLA RF DEVICE DATA MRF1004MAeMRF1004MB 
2-557 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vcp = 35 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 1s, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Voc = 35 Vde, Pout = 4.0 W pk, f = 1090 MHz) 


Collector Efficiency 


(Voc = 35 Vde, Pout = 4.0 W pk, f = 1090 MHz) 


Load Mismatch 
(Voc = 35 Vde, Pout = 4.0 W pk, f = 1090 MHz, No Degradation in Power Output 
VSWR = 10:1 All Phase Angles) 





RF 
INPUT 





C1 —0.1 pF 

C2, C4 — 220 pF Chip Capacitor 

C3 — 20 pF, 50 V Electrolytic 

L1, L2 — 3 Turns #18 AWG, 1/8” ID 

Z1-Z6 Distributed Microstrip Elements — See Figure 9 
Board Material — 0.031” Thick Glass Teflon 


Figure 1. 1090 MHz Test Circuit 





MRF1004MAeMRF1004MB MOTOROLA RF DEVICE DATA 
2-558 






Soe ae 
<A DB 
Es Sco 
EEE conve 
a ea 

ba 








Pout, OUTPUT POWER (W pk) 
Pout, OUTPUT POWER (W pk) 


CAAT Bie 
ES a 


150 250 350 450 550 650 960 1090 1215 
Pin, INPUT POWER (mW pk) f, FREQUENCY (MHz) 





Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 


in = 400 mW pl 
| | tp= tons 


Gpp, POWER GAIN (dB) 


Pout, OUTPUT POWER (W pk) 


1% 
1090 MHz 





Voc, SUPPLY VOLTAGE (V) f, FREQUENCY (MHz) 
Figure 4. Output Power versus Supply Voltage Figure 5. Power Gain versus Frequency 























r—\ , 
ON sic Zin | Zort Pin=400mW plo | Zot? (Poyt = 4.0 W pl) 
ASN Ohms Ohms Ohms 
MY 960 | 5.0+/17.5 23.5 —j26 22.5 —]36 
(A. 1090 | 10+j23 18.5 —j25 15 —j32.5 
7 ~'500 1215 | 16+j295 15.5—j23.5 11 —j23 





Y —j250 Zo." = Conjugate of the optimum load impedance into which the device 
output operates at a given output power, voltage, and frequency. 


Figure 6. Series Equivalent Input/Output Impedance 


MOTOROLA RF DEVICE DATA MRF1004MAeMRF1004MB 
2-559 
































Figure 7. 1090 MHz Test Amplifier 


Pout = 4 W pk 
Voc =35V 
tp =1ms 
D= 10% 

f= 1090 MHz 





MRF1004M 


CRR eo 





SCALE 0.75:1 


Figure 9. Printed Circuit Board Layout — 1090 MHz Test circuit 





MRF1004MAeMRF1004MB MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR SI 
TECHNICAL DATA 


The RF Line MRF1015MA 


Microwave Pulse MRF1015MB 
Power Transistors 


. .. designed for Class B and C common base amplifier applications in short 


and long pulse TACAN, IFF, DME, and radar transmitters. 15 W (PEAK), 960-1215 MHz 
e Guaranteed Performance @ 1090 MHz, 50 Vdc SN euione 
Output Power = 15 Watts Peak NPN SILICON 


Minimum Gain = 10 dB 
e 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
e Industry Standard Package 
e Nitride Passivated 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


¢ Internal Input Matching for Broadband Operation 





MAXIMUM RATINGS © 


Vo80 


CASE 332-04, STYLE 1 
MRF1015MA 





Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C (1) 





Derate above 25°C 
SSE 
THERMAL CHARACTERISTICS 
[Characteristic ——=S=«| Symbol | Max | Unit | ae rbocast Mae 


Thermal Resistance, Junction to Case (2) °C/W 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





a 
OFF CHARACTERISTICS 










Collector-Emitter Breakdown Voltage V(BR)CES Vde 

(Ig = 10 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 10 mAds, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 1.0 mAde, Ig = 0) 

Collector Cutoff Current ICBO 
(Vcp = 50 Vde, IE = 0) 





ON CHARACTERISTICS 
DC Current Gain 10 
(Ic = 250 mAdc, VcE = 5.0 Vdc) 
NOTES: (continued) 


1. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 





MOTOROLA RF DEVICE DATA MRF1015MAeMRF1015MB 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


eS 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vcp = 50 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 us, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Voc = 50 Vde, Poyt = 15 W Peak, f = 1090 MHz) 





Collector Efficiency 
(Voc = 50 Vde, Pout = 15 W Peak, f = 1090 MHz) 

Load Mismatch 
(Voc = 50 Vde, Pout = 15 W Peak, f = 1090 MHz, No Degradation in Power Output 
VSWR = 10:1 All Phase Angles) 





RF 


RF 
OUTPUT 


INPUT 





C1, C2 — 220 pF 100 mil Chip Capacitor 
C3— 0.1 pF 
C4 — 47 uF/75 V Electrolytic Capacitor 
L1, L2— 3 Turns #18 AWG, 1/8” ID 
Z1-Z8 — Microstrip, See Photomaster, Figure 8 
Board Material — 0.032” Glass Teflon 
e=2.5 


Figure 1. 1090 MHz Test Circuit 





MRF1015MAeMRF1015MB MOTOROLA RF DEVICE DATA 
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Pout, OUTPUT POWER (WATTS pk) 


Pin, INPUT POWER (WATTS pk) 


Figure 2. Output Power versus Input Power 


een OO 
a OO, 
f= 1090 MHz ' AIT | 
ie a Gan a ak cea 
ae ae ee 
Pt A ore wok 
mIMN,22 70 


Pout OUTPUT POWER (WATTS pk) 


3 
0 5 10 15 20 2% 30 3 40 45 50 


Voc, SUPPLY VOLTAGE (VOLTS) 
Figure 4. Output Power versus Supply Voltage 





Coordinates in Ohms 








Pout, OUTPUT POWER (WATTS pk) 


Gpp, POWER GAIN (dB) 











a 6 i a 
ee a 
fh ite | 
Voc = 50V | 


i ee 
rite oe ee 
rico eae eae ee (a Die Fe 
Ee eee ee 
960 1090 


f, FREQUENCY (MHz) 








Figure 3. Output Power versus Frequency 





{, FREQUENCY (MHz) 


Figure 5. Power Gain versus Frequency 


Pout=15Wpk Voc =50V 
tp=10ns D=1% 







jue | ite | She 

5.9+j13.6 | 12.5-j15 

ry 4090 | 554j11.5 | 12.4-j128 
EER 1215 | 4.0+j125 | 12.1-j10 
AT ALAL A? * = Conjugate of the optimum load 
TERRORS Zo. pak aout into which the device 


output operates at a given output 
power, voltage, and frequency. 


Figure 6. Series Equivalent Input/Output Impedances 
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MRF1015MAeMRF1015MB 
2-563 
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Figure 7. 1090 MHz Test Amplifier 
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SCALE 0.75: 


© SOLDERED EYELET 


© 4~40 SCREW PLACEMENT 


MOTOROLA RF DEVICE DATA 


re 8. Printed Circuit Board Layout — 1090 MHz Test circuit 


igu 


Fi 


MRF1015MAeMRF1015MB 


2-564 


MOTOROLA 


= SEMICONDUCTOR Sx 
TECHNICAL DATA 


The RF Line 
UHF Power Transistor 
. .. designed primarily for wideband, large-signal output and driver amplifier 


stages to 1.0 GHz. 


e Designed for Class A Linear Power Amplifiers 1.5 W, TO 1.0 GHz 


e Specified 25 Volt, 900 MHz Characteristics: LINEAR 
Output Power — 1.5 Watts UHF POWER TRANSISTOR 
Power Gain — 8.0 dB Min, Class AB NPN SILICON 


e Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 
[Rating TS] 
Emitter-Base Voltage 


Total Device Dissipation @ To = 25°C 

Derate above 25°C 
Operating Junction Temperature 
Storage Temperature Range 


THERMAL CHARACTERISTICS 
















-280 SOE 
CASE 244C, STYLE 1 





ee 
[Thermal Resiance, noiontoGase(To=700) Se | CYC 
ELECTRICAL CHARACTERISTICS 
[Characters ————SSSS*Y:C«S mbt wine me [ont | 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 10 mA, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 10 mA, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 10 mA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mA, Ic = 0) 

Collector Cutoff Current ICBO 
(Vcp = 25 V, IE = 0) 

ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


[Oui Copan fVoa=26Viie=utatoMR ee | — | - [| = | | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 25 V, Pout = 1.5 W, f = 900 MHz, Io = 0.2 A) 


Load Mismatch 





(VCE = 25 V, Ic = 0.2 A, Pout = 1.5 W, f = 900 MHz, No Degradation in Output Power 
Load VSWR = ~:1, All Phase Angles) 





MOTOROLA PF DEVICE DATA MRF1029 
2-565 


Zin, SERIES INPUT IMPEDANCE (OHMS) 


st 
ae 
oa 
= 
fae 


Figure 1. Input Impedance versus Frequency 


Voc =25V, Ic =0.2A 
Po=1.5W 


aaa 
a 


f, le 





Io, COLLECTOR CURRENT (AMPS) 


TYPICAL CHARACTERISTICS 


Zot’, SERIES OUTPUT IMPEDANCE (OHMS) 





(MHz) {, FREQUENCY (MHz) 














|_| ne 
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See Seas eee 
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Voge, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 3. RF Safe Operating Area 


Figure 2. Output Impedance versus Frequency 





MRF1029 
2-566 


Table 1. Common Emitter S-Parameters 


MOTOROLA RF DEVICE DATA 


MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


| 
The RF Line 
UHF Power Transistor 
... designed primarily for wideband, large-signal output and driver amplifier 


stages to 1.0 GHz. 





e Designed for Class A Linear Power Amplifiers 3.0 W, TO 1.0 GHz 

e Specified 25 Volt, 900 MHz Characteristics: LINEAR 
Output Power — 3.0 Watts UHF POWER TRANSISTOR 
Power Gain — 7.5 dB Min, Class AB NPN SILICON 


¢ Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 














Emitter-Base Voltage ea ee 


Total Device Dissipation @ Tc = 25°C 29 Watts 
Derate above 25°C 0.167 wre 


Operating Junction Temperature ae a es 


CASE 244C, STYLE 1 





Storage Temperature Range °C iain 
THERMAL CHARACTERISTICS 
eS 
| Thormal Resbtance unctonto Case To=7o"6)_———SSCSCS*~*~dCéR «YC 
ELECTRICAL CHARACTERISTICS 
[Garant Str [in [ve ie 
OFF CHARACTERISTICS 








Collector-Emitter Breakdown Voltage V(BR)CEO Vde © 
(Ig = 15 mA, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde’ 
(I¢ = 15 mA, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 15 mA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 5.0 mA, Ig = 0) 

Collector Cutoff Current 
(Vos = 25 V, IE = 0) 














ON CHARACTERISTICS 


[Dc CureGan(g=stonAVee=sov) «de | @ | - | ® | — | 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 25 V, Pout = 3.0 W, f = 900 MHz, Ic = 0.4 A) 


Load Mismatch 


(VCE = 25 V, Io = 0.4 A, Pout = 3.0 W, f = 900 MHz, No Degradation in Output Power 
Load VSWR = -:1, All Phase Angles) 





MOTOROLA RF DEVICE DATA MRF1030 
2-567 


TYPICAL CHARACTERISTICS 


Voc =25V, Ic =0.4A 


ae 
fia ee 
Lee! 


Zin SERIES INPUT IMPEDANCE (OHMS) 
Zot’, SERIES OUTPUT IMPEDANCE (OHMS) 





500 600 700 800 900 1000 
{, FREQUENCY (MHz) {, FREQUENCY (MHz) 
Figure 1. Input Impedance versus Frequency Figure 2. Output Impedance versus Frequency 


Rey See 
fs eee leet 


Ig, COLLECTOR CURRENT (AMPS) 


i a 
ca 
foc eee 


6 8 10 12 14 16 18 20 22 24 26 28 30 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 





Figure 3. RF Safe Operating Area 





Table 1. Common Emitter S-Parameters 





MRF1030 MOTOROLA RF DEVICE DATA 
2-568 


MOTOROLA 


= SEMICONDUCTOR Sx 
TECHNICAL DATA 


The RF Line 
UHF Power Transistor 


. .. designed primarily for wideband, large-signal output and driver amplifier 
stages to 1.0 GHz. 


¢ Designed for Class A Linear Power Amplifiers 4.5 W, TO 1.0 GHz 


e Specified 25 Volt, 900 MHz Characteristics: LINEAR 
Output Power — 4.5 Watts UHF POWER TRANSISTOR 
Power Gain — 7.0 dB Min, Class AB NPN SILICON 


e Gold Metallization for improved Reliability 


MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range —65 to +150 °C 


THERMAL CHARACTERISTICS 


a 
Thermal Resistance, Junction to Case (Tc = 70°C) Reuc 


ELECTRICAL CHARACTERISTICS 


a 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(ig = 20 mA, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 20 mA, VBE = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 20 mA, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 5.0 mA, Ic = 0) 
Collector Cutoff Current ICBO 
(Vcp = 25 V, Ie = 0) 
ON CHARACTERISTICS 


[oc Ginen'Gah ig=tonaVerssoy———SC~dCCwe TT i. id 


DYNAMIC CHARACTERISTICS 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 25 V, Pout = 4.5 W, f = 900 MHz, Ic = 0.6 A) 


Load Mismatch 


CASE 244C, STYLE 1 
(.280 SOE) 








(VCE = 25 V, Ic = 0.6 A, Pout = 4.5 W, f = 900 MHz, No Degradation in Output Power 
Load VSWR = e:1, All Phase Angles) 





MOTOROLA RF DEVICE DATA MRF1031 
2-569 











TYPICAL CHARACTERISTICS 


Zin, SERIES INPUT IMPEDANCE (OHMS) 
Zot’, SERIES OUTPUT IMPEDANCE (OHMS) 





f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 1. Input Impedance versus Frequency Figure 2. Output Impedance versus Frequency 


I¢, COLLECTOR CURRENT (AMPS) 


175°C 
ts = 70°C 
Ppiss = 29 W 





0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Figure 3. RF Safe Operating Area 





Table 1. Common Emitter S-Parameters 





MRF1031 MOTOROLA RF DEVICE DATA 
2-570 


MOTOROLA 
= SEMICONDUCTOR Sas 


TECHNICAL DATA 

The RF Line 

UHF Power Transistor 

... designed primarily for large-signal output and driver amplifier stages to 


1.0 GHz. 

e Designed for Class:A Linear Power Amplifiers 6.0 W, TO 1.0 GHz 

e Specified 25 Volt, 900 MHz Characteristics: LINEAR 
Output Power — 6.0 Watts UHF POWER TRANSISTOR 
Power Gain — 6.5 dB Min, Class AB NPN SILICON 


e Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 
Rating 





CASE 244C, STYLE 1 
(.280 SOE) 





THERMAL CHARACTERISTICS 


PT haracteristic | Symbol | Max [Unit 
Thermal Resistance, Junction to Case (Tc = 70°C) - ReJc ae 


ELECTRICAL CHARACTERISTICS 


[Characters «Sombie 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(ig = 20 mA, Ip = 0) 
Collector-Emitter Breakdown Voltage 
(Ic = 20 mA, VBE = 0) 
Collector-Base Breakdown Voltage 
(Ic = 20 mA, IE = 0) 
Emitter-Base Breakdown Voltage 
(IE = 5.0 mA, Io = 0) 


Collector Cutoff Current 
(Vos = 25 V, IE = 0) 





ON CHARACTERISTICS 

[Do cureriGan o=tonAVorssoy ——~SSC«dt—Swe | i. id 
DYNAMIC CHARACTERISTICS 

[Oui Capatanco Veg=28Vwie=utatowea [ee | — |=] 8 |_| 
FUNCTIONAL TESTS 


Common Emitter Amplifier Power Gain 
(VCE = 25 V, Pout = 6.0 W, f = 900 MHz, Ic = 0.85 A) 


Load Mismatch 


(VCE = 25 V, Pout = 6.0 W, f = 900 MHz, No Degradation in Output Power 
Load VSWR = :1, All Phase Angles) 





MOTOROLA RF DEVICE DATA MRF1032 
2-571 





Table 1. Common Emitter S-Parameters 





MRF1032 MOTOROLA RF DEVICE DATA 
2-572 


MOTOROLA 
= SEMICONDUCTOR Ss 
TECHNICAL DATA 


MRF1035MA 
MRF1035MB 


The RF Line 
Microwave Pulse 
Power Transistors 


... designed for Class B and C common base amplifier applications in short 


and long pulse TACAN, !FF, DME, and radar transmitters. 35 See RGOLIEE: ee 
e Guaranteed Performance @ 1090 MHz, 50 Vdc TRANSISTORS 


Output Power = 35 Watts Peak NPN SILICON 
Minimum Gain = 10 dB 


¢ 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
e Industry Standard Package 
e Nitride Passivated 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 
e Internal Input Matching for Broadband Operation 





MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 4.0 


CASE 332-04, STYLE 1 
MRF1035MA 





Total Device Dissipation @ To = 25°C (1) 
Derate above 25°C 


Collector-Current — Continuous aa 





Ss 


| Max | Unit SAPIENS 
MRF1035MB 
Thermal Resistance, Junction to Case (2) Reuc | 5.0 | ecw OT 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


(eer A ee 


OFF CHARACTERISTICS 


-65 to +150 


THERMAL CHARACTERISTICS 


Characteristic | Symbol ] 








Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 20 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 20 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 2.0 mAdc, Ic = 0) 

Collector Cutoff Current ICBO 
(VcB = 50 Vase, IE = 0) 







ON CHARACTERISTICS 
DC Current Gain hee 10 100 
(Ic = 500 mAdc, Vcg = 5.0 Vde) 
NOTES: (continued) 


1. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 





MOTOROLA RF DEVICE DATA MRF1035MAeMRF1035MB 
2-573 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 15 
(VcB = 50 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 ys, Duty Cycle = 1%) 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vde, Poyt = 35 W Peak, f = 1090 MHz) 


Collector Efficiency 
(Voc = 50 Vde, Poyt = 35 W Peak, f = 1090 MHz) 


Load Mismatch 
(Vcc = 50 Vde, Pout = 35 W Peak, f = 1090 MHz, No Degradation in Power Output 
VSWR = 10:1 All Phase Angles) 





RF 
INPUT 





C1, C2 — 220 pF 100 mil Chip Capacitor 

C3 — 0.1 pF 

C4 — 10 »F/75 V Electrolytic 

L1, L2 — 3 Turns #18 AWG, 1/8” ID 

Z1-Z10 — Microstrip, See Photomaster 

Board Material — 0.031” Glass Teflon 
ep= 2.5 


Figure 1. 1090 MHz Test Circuit 





MRF1035MAeMRF1035MB MOTOROLA RF DEVICE DATA 
2-574 


ee 
ne a ae 
Ae do 
i a 


Voc =50V 


tp=10 ps 
D=1% 


Pout, OUTPUT POWER (WATTS pk) 





2 3 4 5 
Pin, INPUT POWER (WATTS pk) 


Figure 2. Output Power versus Input Power 
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Voc, SUPPLY VOLTAGE (VOLTS) 


Pout, OUTPUT POWER (WATTS pk) 

z 

mare 
WWE 
i 
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\ 
Nn 


0 
0 10 


Figure 4. Output Power versus Supply Voltage 


suferseesevas 


Pout: OUTPUT POWER (WATTS pk) 


Gpp, POWER GAIN (dB) 





LD 





f, FREQUENCY (MHz) 


Figure 3. Output Power versus Frequency 





f, FREQUENCY (MHz) 


Figure 5. Power Gain versus Frequency 


Pout=35Wpk Voo=50V 
tp=10ps D=1% 





960 3.8 + j8.2 7.5 —j3.3 
1090 6.0 + j8.2 9.0 + jO 
1215 4.2 +j5.7 9.1 +j1.7 


Zo.* = Conjugate of the optimum load 
impedance into which the device 
output operates at a given output 
power, voltage, and frequency. 


Figure 6. Series Equivalent Input/Output Impedances 


MOTOROLA RF DEVICE DATA 


MRF1035MAeMRF1035MB 
2-575 





Figure 7. 1090 MHz Test Amplifier 





1 


SCALE 0.75: 


© SOLDERED EYELETS 


it Board Layout — 1090 MHz Test circuit 


ircui 


Figure 8. Printed C 


MOTOROLA RF DEVICE DATA 


MRF1035MAeMRF1035MB 


2-576 





MOTOROLA 


= SEMICONDUCTOR Sa 
TECHNICAL DATA 


MRF1090MA 
MRF1090MB 


The RF Line 
Microwave Pulse 
Power Transistors 


... designed for Class B and C common base amplifier applications in short 


pulse TACAN, IFF, and DME transmitters. 90 CHOUAVEROWER 
e Guaranteed Performance @ 1090 MHz, 50 Vdc TRANSISTORS 


Output Power = 90 Watts Peak NPN SILICON 
Minimum Gain = 8.4 dB 


« 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
e Industry Standard Package 

¢ Nitride Passivated 

e Gold Metallized for Long Life and Resistance to Metal Migration 

e Internal Input Matching for Broadband Operation 





CASE 332-04, STYLE 1 
MAXIMUM RATINGS MRF1090MA 


=s 












Collector-Base Voltage VcBO 
Emitter-Base Voltage VEBO 





Total Device Dissipation @ Tc = 25°C (1) (2) 290 Watts 
Derate above 25°C 1.66 Wrc barr cic 1 





THERMAL CHARACTERISTICS 
a 


Thermal Resistance, Junction to Case (3) Resc a ee ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


a eee ee ee ee 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CES 70 Vde 
(Ic = 25 mAdc, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO 70 Vde | 
(Ic = 25 mAdc, IE = 0) | 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 5.0 mAde, Ic = 0) 

Collector Cutoff Current IcBO mAdc 
(VcB = 50 Vde, IE = 0) 


ON CHARACTERISTICS 
DC Current Gain (4) nFE 10 30 
(Ig = 2.5 Adc, VogE = 5.0 Vde) 
NOTES: (continued) 
1. Pulse Width = 10 ys, Duty Cycle = 1%. 
2. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 


3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
4. 80 ps Pulse on Tektronix 576 or equivalent. 








MOTOROLA RF DEVICE DATA MRF1090MAeMRF1090MB 
2-577 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[arate Sambo ine 


DYNAMIC CHARACTERISTICS 


Output Capacitance 





(Vcp = 50 Vdc, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS (Pulse Width = 10 1s, Duty Cycle = 1.0%) 


Common-Base Amplifier Power Gain 
(Voc = 50 Vdc, Pout = 90 W pk, f = 1090 MHz) 


Collector Efficiency 
(Voc = 50 Vde, Pout = 90 W pk, f = 1090 MHz) 


Load Mismatch 
(Vcc = 50 Vde, Pout = 90 W pk, f = 1090 MHz, No Degradation in Power Output 


VSWR = 10:1 All Phase Angles) 





RF INPUT RF OUTPUT 





C1, C2 — 220 pF Chip Capacitor, 100-mil ATC 

C3 — 0.1 pF 

C4— 47 pF/75V 

L1, L2—3 Turns #18 AWG, 1/8” ID 

Z1-—Z9 — Distributed Microstrip Elements — See Figure 9 
Board Material — 0.031” Thick Glass Teflon, er = 2.5 


Figure 1. 1090 MHz Test Circuit 





MRF1090MAeMRF1090MB MOTOROLA RF DEVICE DATA 
2-578 


Pout, OUTPUT POWER (WATTS pk) 
Pout, OUTPUT POWER (WATTS pk) 





Pin, INPUT POWER (WATTS pk) {, FREQUENCY (MHz) 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 












120 
t= ee ee a : 
a! 1090 MHz P= 10.5Wok b> Po = 90 W pk 
© so =ions | | | etal ag Voc =50V 
=1% ae =10 
E 3 = ie 
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20 
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Voc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 4. Output Power versus Supply Voltage Figure 5. Power Gain versus Frequency 








Pout =90W pk Voc =50V 
tp=10ps D=1% 


Zin Zo." 


960 | 28+j13.2 | 7.6+j3.5 





INDU, a 
cTive 5 +10 
Rey 


AN, 
5.0 Zor 1215 Se Co, +15 
af f “Nn 
f= 960 MHz Zin ‘f= 960 MHz 

































1090 | 7.4+j11.4 | 7.6+)4.0 


if 1090 1215 a 1215 | 474j75 | 7.74+)4.5 


1090 x 























Zoi* = Conjugate of the optimum load 
impedance into which the device 

C output operates at a given output 

15 power, voitage, and frequency. 

















IBNOdWOD 3ONVLS 


Coordinates in Ohms 


Figure 6. Series Equivalent Input/Output Impedance 


MOTOROLA RF DEVICE DATA MRF1090MAeMRF1090MB 
2-579 





Po = 90 W pk 

Voc = 50V 
=10ps 
=1% 

f = 1090 MHz 


MRF1090MAeMRF1090MB 


2-580 


Figure 7. 1090 MHz Test Amplifier 





Figure 8. Typical Pulse Performance 





MOTOROLA RF DEVICE DATA 


fe) te] 


MRF1090M 
TEST CIRCUIT 





© SOLDERED EYELET SCALE 0.75:1 
© 4-40 SCREW PLACEMENT 


Figure 9. Printed Circuit Board Layout — 1090 MHz Test circuit 








MOTOROLA RF DEVICE DATA MRF1090MAeMRF1090MB 
2-581 


MOTOROLA 


= SEMICONDUCTOR se 
TECHNICAL DATA 


MRF1150MA 
MRF1150MB 


The RF Line 
Microwave Pulse 
Power Transistors 


. designed for Class B and C common base amplifier applications in short 


pulse TACAN, IFF, and DME transmitters. pee eget 
e Guaranteed Performance @ 1090 MHz, 50 Vdc TRANSISTORS 


Output Power = 150 Watts Peak NPN SILICON 
Minimum Gain = 7.8 dB 


¢ 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
e Industry Standard Package 
e Nitride Passivated 


¢ Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Internal Input Matching for Broadband Operation 





CASE 332-04, STYLE 1 
MAXIMUM RATINGS MRF1150MA 


Collector-Base Voltage 
Emitter-Base Voltage ; 


S 


Collector Current — Peak (1) 


Total Device Dissipation @ To = 25°C (1) (2) 





Derate above 25°C aero A 1 

Storage Temperature Range 
THERMAL CHARACTERISTICS 
SS 

Thermal Resistance, Junction to Case (3) | Roc | os | ow 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Gharacteristio SS«d;CSSymbor_“[ in wp Max ‘| Unt ‘| 
OFF CHARACTERISTICS 











Collector-Emitter Breakdown Voltage 


V(BR)CES 70 Vde 
(ic = 50 mAdc, VBE = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 70 Vde 
(Ic = 50 mAde, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 5.0 mAdc, Ic = 0) 
Collector Cutoff Current IcBO 
(Vc = 50 Vde, IE = 0) 





ON CHARACTERISTICS 
DC Current Gain (4) 
(Ic = 5.0 Ade, VcE = 5.0 Vde) 
NOTES: (continued) 


1. Pulse Width = 10 ps, Duty Cycle = 1%. 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 

4. 80 1s Pulse on Tektronix 576 or equivalent. 





MRF1150MAeMRF1150MB MOTOROLA RF DEVICE DATA 
2-582 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Charest Sabot [mine we [oa 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 25 pF 
(Vcp = 50 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Pulse Width = 10 1s, Duty Cycle = 1.0%) 
Common-Base Amplifier Power Gain 78 
(Vcc = 50 Vde, Pout = 150 W pk, f = 1090 MHz) 
il ea 
No Degradation in Power Output 













Collector Efficiency 
(Vcc = 50 Vde, Pout = 150 W pk, f = 1090 MHz) 


Load Mismatch y 
(Voc = 50 Vde, Pout = 150 W pk, f = 1090 MHz, 


VSWR = 10:1 All Phase Angles) 











: Voc = 50 Vde 
>< RF OUTPUT 
C1, C2 — 220 pF Chip Capacitor, 100-mil ATC. 
C3 — 0.1 wF/100 V 
C4 — 47 F/75 V Electrolytic 
L1, L2— 3 Turns #18 AWG, 1/8” ID 
Z1-—Z10 — Distributed Microstrip Elements — See Figure 9 
Board Material — 0.031” Thick Teflon-Fiberglass, er = 2.5 
Figure 1. 1090 MHz Test Circuit 
MRF1150MAeMRF1150MB 


MOTOROLA RF DEVICE DATA 
2-583 





200 200 
é 150 2 150 
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Aa a 
1090 


15 20 25 960 1215 
Pin, INPUT POWER (WATTS pk) {, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 
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= a 
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= Zz 
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aa 
= cn 
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3 
ao 
20 
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Vcc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 4. Output Power versus Supply Voltage Figure 5. Power Gain versus Frequency 


Pout = 150Wpk Voc¢=50V 
tp=10ps D=1% 


f Z; i 
je | oe | othe 


1.5+)96 -] 26+ j41 
1090 | 5.0+j75 | 27+j46 
1215 | 24+)56 | 284/53 


Zo." = Conjugate of the optimum load 
impedance into which the device 
output operates at a given output 
power, voltage, and frequency. 





Figure 6. Series Equivalent Input/Output Impedance 


MRF1150MAeMRF1150MB MOTOROLA RF DEVICE DATA 
2-584 








Figure 7. 1090 MHz Test Amplifier 


Pout = 150 W pk 
Voc = 50V 
ad 


SCALE— 2 us/DIV 





Figure 8. Typical Pulse Performance 


MOTOROLA RF DEVICE DATA MRF1150MAeMRF1150MB 
2-585 


MRF1150M 


TEST CIRCUIT 





© SOLDERED EYELET SCALE 0.75:1 


Figure 9. Printed Circuit Board Layout — 1090 MHz Test circuit 





MRF1150MAeMRF1150MB MOTOROLA RF DEVICE DATA 
2-586 


MOTOROLA 
= SEMICONDUCTOR 2x 
TECHNICAL DATA 


The RF Line MRF1375 
Microwave Pulse 


Power Transistor 


Designed for 1025-1150 MHz pulse common base amplifier applications 


Motorola Preferred Device 


such as TACAN and DME. 375 leash waauee MHz 
e Guaranteed Performance @ 1090 MHz TRANSISTOR 


Output Power = 375 Watts Peak NPN SILICON 
Gain = 6.7 dB Min 7.5 dB (Typ) 


e 100% Tested for Load Mismatch at All Phase Angles with 3:1 VSWR 
e Hermetically Sealed Package 
e Silicon Nitride Passivated 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Internal Input Matching 
e Characterized using 10 ys, 1% Duty Pulse Format 








MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Peak (1) 


Total Device Dissipation @ Tc = 25°C (1) (2) 
Derate above 25°C 


Storage Temperature Range 





Junction Temperature 
THERMAL CHARACTERISTICS 


a 
Thovmal Rositancesunaon to ase 8) (@ Prac |e | ow_| 


NOTES: 
1. Under pulse RF operating conditions. 
2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 
3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
4, Pulse Width = 10 ys, Duty Cycle = 1% 


Preferred devices are Motorola recommended choices for future use and best overall value. 





MOTOROLA RF DEVICE DATA MRF1375 
2-587 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


fp haracteristic OT Symbot in ye Mex unt 


OFF CHARACTERISTICS 


Calorie SeadownVlage (o=6bwAGeVee=0) | Wences | | — | — | ve _] 
| CotosarSeseBeaaownvetage (= COmAds ie=0) | Vearyoso| 7 | — | — | vee _| 
Emitter-Base Breakdown Voltage (IE = 10 mAde, Ic = 0) !vereso | 40 [| — [| — | Voc | 
[Cater Gut Curent Vog=e0Veeie=0) | togo_[ — | — | 3 | maie_| 











ON CHARACTERISTICS 
[oC Gwent Ganig=somevorssave) «dT we | [| = [| - | — | 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vde, Pout = 375 W Peak, f = 1090 MHz) 


Collector Efficiency 
(Voc = 50 Vde, Pout = 375 W Peak, f = 1090 MHz) 


Load Mismatch 
(Voc = 50 Vde, Poyt = 375 W Peak, f = 1090 MHz, 
Load VSWR = 3:1 All Phase Angles) 





PF Input 








C1,C2  82pF ATC Chip 


¢3 AFS5OV 
C4 10 UF 100 V, Electrolytic 

C5 1000 HF 50 V, Electrolytic Board Material — Tefion® Glass Laminate, Dielectric 
ui 3 Turns # 18AWG, 1/8” ID, 0.18” Long Thickness 0.020”, €, = 2.55, 2.0z. Copper 


Z1-Z13 Microstrip, See Details 





Figure 1. Test Circuit 





MRF1375 MOTOROLA RF DEVICE DATA 


2-588 


Pout, OUTPUT POWER (WATTS) 





15 20 25 30 35 40 tee adits Lo, 
Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 





Pout = 375 W, Voc = 50 V 
Tp = 10 us, DF = 1% 


je | o_| ont 
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[oso [arene [ites 
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(1) Zp," is the conjugate of the optimum load 1050 
impedance into which the device operates at a 1090 1125 ts 1025 MHz es it 
given output power voltage and frequency. "1050 iF ES, 
1150 4999 1125 HEE Zin reed 44 
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Figure 3. Series Equivalent Input/Output Impedances 


MOTOROLA RF DEVICE DATA MRF1375 
2-589 


MOTOROLA 


= SEMICONDUCTOR Se 
TECHNICAL DATA 


The RF Line MRF1500 
Microwave Pulse sides nelisasbinte 
Power Transistor 


Designed for 1025-1150 MHz pulse common base amplifier applications 





500 W (PEAK), 1025-1150 MHz 
such as DME. MICROWAVE POWER 
e Guaranteed Performance @ 1090 MHz TRANSISTOR 
Output Power = 500 Watts Peak NPN SILICON 
Gain = 5.2 dB Min 


e 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 


e Hermetically Sealed Industry Package 
e Silicon Nitride Passivated 
¢ Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 
e Internal Input Matching 
e Characterized with 10 us, 1.0% Duty Cycle Pulses 

CASE 355E, STYLE 1 

MAXIMUM RATINGS 





NOTES: 


1. Under pulse RF operating conditions. 
2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 


3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case 0c value 
measured @32 ps, 2.0%) 


Preferred devices are Motorola recommended choices for future use and best overall value. 





MRF1500 MOTOROLA RF DEVICE DATA 
2-590 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


ee aan Se ee 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 60 mAde, VBE = 0) verjces | 7 | — [| — | vec | 
Collector-Base Breakdown Voltage (Ic = 60 mAdc, IE = 0) V(BR)CBO | 7 [| — | = | voc | 


Emitter-Base Breakdown Voltage (Ig = 10 mAdc, Ic = 0) vereso | 40 | — [ — | vac | 






ON CHARACTERISTICS 
[D6 cureniGanig=80Km Voe=sove) «tse | ® | *® | - | - | | 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Voc = 50 Vde, Pout = 500 W Peak, f = 1090 MHz) 


Collector Efficiency 
(Vcc = 50 Vde, Pout = 500 W Peak, f = 1090 MHz) 


Load Mismatch No Degradation in Output Power 


(Vcc = 50 Vde, Poyt = 500 W Peak, f = 1090 MHz, 
Load VSWR = 10:1 All Phase Angles) 








RF OUTPUT 

z14 |+-£0) | 

= 

C1 — 82 pF 100 mil Chip Capacitor “= L1 — 3 Turns, #18 AWG, 1/8” ID, 0.18 Long 
C2 — 82 pF 100 mill Chip Capacitor Z1-Z14 — Microstrip, See Details Below 4 
C3 — 0.1 WF Board Material — Teflon-Glass Laminate, i 
C4 — 10 pF 100 V, Electrolytic Dielectric Thickness = .020”, i 
C5 — 1000 uF 60 V, Electrolytic éy = 2.55, 2 0z. Copper 





Figure 1. Test Circuit 





MOTOROLA RF DEVICE DATA MRF1500 
2-591 


TYPICAL CHARACTERISTICS 


50V 


Pout. OUTPUT POWER (WATTS) 


Voc= 
PULSE = 10ps, 1% DF 
FREQ = 1090 MHz 





0 
2 «440 «460 «80 100 120 140 160 180 200 
Piy, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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| ols | zou 
2.0 + j4.0 


ZQL* is the conjugate of the optimum load 
impedance into which the device operates at a 
given output power voltage and frequency. 


1125 3.9 + j3.8 1.54 j1.4 
1150 4.6 + j3.0 1.4+j1.6 


Figure 3. Series Equivalent Input/Output Impedances 








MRF1500 MOTOROLA RF DEVICE DATA 
2-592 


MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


MRF1946 
The RF Line 
NPN Silicon MRF1946A 


Power Transistors 


. .. designed for 12.5 volt large-signal power amplifiers in commercial and 


industrial equipment. 30 % tl etic aad 
e High Common Emitter Power Gain TRANSISTORS 


Specified 12.5 V, 175 MHz Performance NPN SILICON 
Output Power = 30 Watts 
Power Gain = 10 dB 
Efficiency = 60% 
Diffused Emitter Resistor Ballasting 
e Characterized to 220 MHz 


e Load Mismatch at High Line and Overdrive Conditions 





e 

















MAXIMUM RATINGS 


Symbol 
Coilector-Emitter Voltage VCEO | 6 
Collector-Base Voltage VCBO Vde 





CASE 145A-09, STYLE 1 
MRF1946A 








THERMAL CHARACTERISTICS 


Symbor [Max Unit : 
Thermal Resistance, Junction to Case Resc | 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Ree Re ae ee 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 16 Vde 
(I¢ = 25 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 25 mAde, VBE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 5.0 mAdc, Ic = 0) 


Collector Cutoff Current 
(VCE = 15 Vde, VBE = 0, To = 25°C) 


ON CHARACTERISTICS 














(continued) 





MOTOROLA RF DEVICE DATA MRF1946eMRF1946A 
2-593 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a ee hal Se | PS 


DYNAMIC CHARACTERISTICS 


Output Capacitance 


(Vop = 15 Vde, Ig = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vdc, Pout = 30 W, f = 175 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Pout = 30 W, f = 175 MHz) 


Load Mismatch 


(Voc = 15.5 Vde, Pin = 2.0 dB Overdrive, No Degradation in Power Output 
Load VSWR = 30:1) 








C1 — 56 pF Mini-Unelco, 3HS0006-56 L1— 2 Turns #18 AWG, 0.125” ID 


C2 — 47 pF Mini-Unelco, 3HS0006-47 L2, L3 — Circuit Board and Mounting Pad Inductance 
C3, C4 — 180 pF Chip Cap, ATC 100B181JC500 L4— 3 Turns #18 AWG, 0.125” ID 
C5 — 150 pF Unelco, J101-150 L5 — 6 Turns #16 Enameled, 0.250” ID 
C6 — 39 pF Mini-Unelco, 3HS0006-39 RFC1 — 0.15 wH Molded Choke w/Ferrite Bead 
oo Cos aes PF Chip Cap, ATC 100B102JC50 RFC2 — Ferrite Choke, Fair Rite VK200-4B 

9 — 0.1 WF Ceramic Capacitor : ; 
C10 — 10 nF, 25 V Electrolytic Capacitor Board Material — 1/32, Glass Teflon, 1 0z. Cu Plating 
C11 — 56 pF Mini-Unelco, 3HS0006-56 Bead — Ferroxcube 


Figure 1. Broadband Test Circuit Schematic 





MRF1946eMRF1946A MOTOROLA RF DEVICE DATA 
2-594 


ls| = |. 
PL an TY 
LF 
CoH, 
PLA YT 
LET VT TI 


AAA 
VAL VT 
File as aoe 








COCO 


me HAMOd acing 14 


f, cae i 


Pin, INPUT POWER ae 


Figure 3. Output Power versus Frequency 


Figure 2. Output Power versus Input Power 
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Voc, SUPPLY VOLTAGE (VOLTS) 


Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 5. Output Power versus Supply Voltage 


Figure 4. Output Power versus Supply Voltage 
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Figure 6. Output Power versus Supply Voltage 


Figure 7. Output Power versus Supply Voltage 


2-595 


MRF1946eMRF1946A 


MOTOROLA RF DEVICE DATA 





38) 


onen & 
























Gpe, POWER GAIN (dB) 








Nc, COLLECTOR EFFICIENCY 














© f= 136 MHz 5.14175 
aD 
& 
wo 
3 
1500] 220 
20 f=136MHz + 175} 78 
150 155 160 165 170 175 8 fas 
f, FREQUENCY (MHz) g 
Vcc = 12.5 Vde, Pout = 30 W 


Figure 8. Typical Performance ina 
Broadband Circuit 





ZoL* = Conjugate of optimum load 
impedance into which the 
device operates at a given 
output power, voltage and 
frequency. 


Figure 9. Series Equivalent Input and 
Output Impedance 





Figure 10. Broadband Test Circuit 





MRF1946eMRF1946A MOTOROLA RF DEVICE DATA 
2-596 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line MRF2000-5L 


a it 

Microwave Linear Motorola Prefered Device 
= 
Power Transistor 
Designed primarily for wideband, large signal output and driver amplifier 7.0—8.0 dB GAIN 

stages in the 1.0 to 2.0 GHz frequency range. ; USABLE 1.0-2.0 GHz 
e Designed for Class A or AB, Common Emitter Power Amplifiers ocoue 
e Specified 20 Volt, 2.0 GHz Characteristic Power Gain — LINEAR POWER TRANSISTOR 





7.0 dB Min @ 5.0 W Pout 
e Built In Matching Network for Broadband Operation 
e Gold Metallization for Improved Reliability 
Diffused Ballast Resistors 


MAXIMUM RATINGS 


Emitter-Base Voltage 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case, DC RaJc (DC) ee ee 





CASE 360A, STYLE 1 














[Thermal Resiance dincioniocaseAF_SSCSC~C~“~*~“~*~ir REC! «dY CO 
ELECTRICAL CHARACTERISTICS 
[_______Characerio—————SSSS*d:C«S bot ine [we [unt 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 50 mA, Ic = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 50 mA, VBE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(lg = 1.25 mA, Ic = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(I¢ = 50 mA, Ree = 10 Ohms) 

Collector Cutoff Current IcBO 1.25 
(VCE = 20 V, IE = 0) 


ON CHARACTERISTICS 
DC Current Gain hee 
(Ic = 0.5 A, VcE = 5.0 V) 
(continued) 
Preferred devices are Motorola recommended choices for future use and best overall value. 
MOTOROLA RF DEVICE DATA MRF2000-5L 
2-597 














ELECTRICAL CHARACTERISTICS — continued 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
tom Pout = 5.0 W, f = 2.0 GHz, Ig = 600 mA) 


Common-Emitter Amplifier Power Gain 
(VcE = 20 V, Pout = 6.0 W, f = 2.0 GHz, Ic¢q = 100 mA) 


Common-Emitter Amplifier Power Gain 
(VCE = 24 V, Pout = 8.0 W, f = 2.0 GHz, Icq = 100 mA) 


Collector Efficiency 
(VCE = 24 V, Pp = 8.0 W, f= 2 GHz, IcQ = 100 mA) 





C1, C3, C5, C7 — 100pF ATC Chip Capacitor = 
C2, C4, C6, C8 — 0.1 pF Chip Capacitor 

C9 — 50 uF Electrolytic Capacitor 

C10, C11 — 28 pF ATC Chip Capacitor 

L1, L2, L8 — 3 Turns, 0.125” Dia., 18 AWG 

L4— Loop, 18 AWG 

21, Z4 — 50r Line 

Z2 — 0.55” wide x 0.4” Long Microstrip 

Z3 — 0.4” wide x 1.125” Long Microstrip 

PC Board — 0.018” Teflon® Fiberglass, Cu Clad €; = 2.55 


Figure 1. 2.0 GHz Test Circuit 





MRF2000-5L MOTOROLA RF DEVICE DATA 
2-598 


TYPICAL CHARACTERISTICS 


SSsa0cooe= 
cc = 15 V, Ig = 600 mA, CLASS A 
paz a Ee | | 






= 


Pout OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 


a 
| tT 
pate 
Eesic 
= as 
=a 
ae i 
ets oP oh ee | 


0 0.2 04 0.6 0.8 ; — 0 0.2 0.4 0.6 08 1 
Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 





Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 





'¢, COLLECTOR CURRENT (AMPS) 


: 5 10 15 20 25 


Voge, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
Figure 4. DC Safe Operating Area 





Table 1. Common Emitter S-Parameters 





MOTOROLA RF DEVICE DATA MRF2000-5L 
2-599 


28pF 2plcs 
ooo/ o7oooono000 





NOTE: MATERIAL IS TEFLON FIBERGLASS, 20 MIL THICK, Cu CLAD 2 SIDES 


Figure 5. Test Circuit Board — Component Placement 





(Not to Scale) 


Figure 6. Test Circuit Photomaster 





MRF2000-5L MOTOROLA RF DEVICE DATA 
2-600 


MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line MRF2628 
NPN Silicon 
RF Power Transistor 


. .. designed for 12.5 volt VHF large-signal power amplifiers in commercial and 


industrial FM equipment. 15 me Sack MHz 
¢ Compact .280 Stud Package TRANSISTOR 


e Specified 12.5 V, 175 MHz Performance NPN SILICON 
Output Power = 15 Watts 
Power Gain = 12 dB Min 
Efficiency = 60% Min 

e Characterized to 220 MHz 

e Load Mismatch Capability at High Line and Overdrive 








MAXIMUM RATINGS 


es oe 
Youo 
ve80 


Collector Current — Continuous 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 









THERMAL CHARACTERISTICS 


a 
[ThomalRessancetunionioGase———SSCSCSC~—~S*~*~iSR P| SCC 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[harass «CS ne | Ut 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 
(Ic = 25 mAde, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 25 mAdc, Veg = 0) 








Emitter-Base Breakdown Voltage 
(IE = 5.0 mAde, Ic = 0) 
Collector Cutoff Current 
(Vc = 15 Vde, IE = 0) 
(continued) 
MOTOROLA RF DEVICE DATA MRF2628 


2-601 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Fe ns ON Sa eee | 


ON CHARACTERISTICS 


DC Current Gain . hee 10 70 150 
(Ic = 500 mAde, VcE = 5.0 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vop = 15 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (Figure 1) 


Common-Emitter Amplifier Power Gain 
(Voc = 12.5 Vde, Pout = 15 W, f = 175 MHz) 


Collector Efficiency 
(Voc = 12.5 Vde, Poyt = 15 W, f = 175 MHz) 


Load Mismatch 
(Voc = 15.5 Vdc, Pin = 2.0 dB Overdrive, 
Load VSWR = 30:1) 





Ci, C10, C11 — 1000 pF Ceramic Chip Capacitor L3 — Copper Pad, 0.200 x 0.400 x 0.060 

C2 — 27 pF Mini Unelco Capacitor L4 — 1/4” #18 AWG into 1/8” High Loop 

C3 — 33 pF Mini Unelco Capacitor L5 — 3 Turns #24 AWG Enameled, 3/32” ID 
C4, C5 — 270 pF Unelco J101 Capacitor L6 — 6 Turns #24 AWG Enameled, 3/32” ID . 
C6, C9 — 18 pF Mini Unelco Capacitor L7 — 1-3/4” #16 AWG into 3/4” High Loop 
C7 — 91 pF Mini Unelco Capacitor R1 — 12 Q, 1/2 W Carbon 

C8 —- 68 pF Mini Unelco Capacitor R2 — 100 Q, 1.0 W Carbon 

C12 — 0.1 uF Monolythic Capacitor R3 — 10 Q, 1.0 W Carbon 

C13 — 100 pF, 15 V Electrolytic RFC1 — 0.15 1H Molded Choke 

L1— 3 Turns #18 AWG, 3/16” ID RFC2 — Ferroxcube Choke, VK200-4B 


L2— 1-1/8” #18 AWG into 1/2” High Loop 


Figure 1. Broadband Circuit 





MRF2628 MOTOROLA RF DEVICE DATA 
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(SLLYM) HAMOd LNdLNO Pq 


Pip» INPUT POWER (WATTS) 


f, FREQUENCY (MHz) 


Figure 3. Output Power versus Input Power 


Figure 2. Output Power versus Frequency 
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Figure 5. Output Power versus Supply Voitage 


Figure 4. Output Power versus Supply Voltage 
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Figure 7. Output Power versus Supply Voltage 


Figure 6. Output Power versus Supply Voltage 


MRF2628 


MOTOROLA RF DEVICE DATA 


2-603 


MRF2628 
2-604 


155 160 165 
{, FREQUENCY (MHz) 


Figure 8. Typical Performance in a 


Broadband Circuit 





Nc, COLLECTOR EFFICIENCY 
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iz 7 7 Ny 


Voc = 12.5V 


Pout = 15 W 


0.59 - j0.80 
0.68 - j0.61 
0.69 - j0.17 
0.62 + j0.39 





5.07 - j4.76 
5.28 - j4.14 
5.26 ~ j8.46 
5.25 - j2.46 


ZoL* = Conjugate of the optimum load impedance into which 
the device output operates at a given output power, 


voltage and frequency. 


Figure 9. Series Equivalent Impedance 





Figure 10. Broadband Test Circuit 





MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR SR 
TECHNICAL DATA 


MRF3094 
The RF Line MRF3095 


Microwave Linear MRF3096 

Power Transistors 

. .. designed for Class A, common emitter linear power amplifiers. 9.0-12 dB 

e Specified 20 Volt, 1.6 GHz Characteristics 1.55-1.65 GHz 
eh aha ane Sa MICROWAVE LINEAR 


POWER TRANSISTORS 





e Low Parasitic Microwave Stripline Package - 
e Gold Metallization Diffused Emitter Ballast Resistors 







MAXIMUM RATINGS 
Rating iio] 
[Cotesoremitrvonags ————SSSSSCSCSCS~dCSCe CSC 


Collector Current MRF3094, 3095 Io 0.4 Adc 
MRF3096 0.8 


Storage Temperature —65 to +150 


THERMAL CHARACTERISTICS 















Characteristic y 





Thermal Resistance, Junction to Case Resc 40 








MOTOROLA RF DEVICE DATA MRF3094eMRF3095eMRF3096 
2-605 


ELECTRICAL CHARACTERISTICS 


ee 


OFF CHARACTERISTICS 














Collector-Emitter Breakdown Voltage 
(Ic = 10 mA) MRF3094, MRF3095 


V(BR)CES Vde 
(ig = 20 mA) MRF3096 
Emitter Base Breakdown Voltage V(BR)EBO Vde 
(Ie = 0.25 mA) MRF3094, MRF3095 
(Ie = 0.5 mA) MRF3096 
Collector Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 1.0 mA) MRF3094, MRF3095 
ae ee ee ee 















(I¢ = 2.0 mA) MRF3096 


Collector-Emitter Breakdown Voltage ; 
(Ic = 10 mA) MRF3094, MRF3095 
(Ic = 20 mA) MRF3096 


Collector Cutoff Current 
(VcB = 28 V) MRF3094, MRF3095 
MRF3096 












ON CHARACTERISTICS 


DC Current Gain 
(VCE = 5.0 V, Ic = 100 mA) MRF3094, MRF3095 
(VCE = 5.0 V, Ic = 200 mA) MRF3096 


DYNAMIC CHARACTERISTICS 
Output Capacitance 
(Vc = 28 V, f = 1.0 MHz) MRF3094, MRF3095 
MRF3096 





Functional Tests 
(VCE = 20 V, Ic = 120 mA, Pg = 0.5 W, f= 1.6GHz) MRF3094 
(VCE = 20 V, Ic = 120 mA, Po = 0.8 W, f= 1.6GHz) | MRF3095 
(VCE = 20 V, Ic = 240 mA, Po = 1.6 W, f=1.6GHz) MRF3096 


Output Load Mismatch 
(VCE = 20 V, Ig = 120 mA, Pp = 0.5 W, 
f = 1.6 GHz, Load VSWR = ©-1) MRF3094 


(VCE = 20 V, Ic = 120 mA, Po = 0.8 W, No degradation in output power 
f= 1.6 GHz, Load VSWR = :1) MRF3095 

(VCE = 20 V, Ic = 240 mA, Po = 1.6 W, 

f= 1.6 GHz, Load VSWR = :1) MRF3096 


Gain Linearity 
(VCE = 20 V, Ic = 120 mA, f= 1.6 GHz, 
Po1 = 0.5 W, Pop = 0.5 mW) -0.2 to+1.0 
(VCE = 20 V, Ic = 120 mA, f = 1.6 GHz, 
Pj = 0.8 W, Pop = 0.8 mW) -0.2t0 +1.0 
(VCE = 20 V, Ig = 120 mA, f = 1.6 GHz, 
Po1 = 1.6 W, Pop = 1.6 mW) -0.2 to+1.0 








MRF3094¢MRF3095eMRF3096 MOTOROLA RF DEVICE DATA 
2-606 


TYPICAL CHARACTERISTICS 





Table 1. MRF3094 Common Emitter S-Parameters 


MRF3094 





Pour, OUTPUT POWER (WATTS) 





*ZOL = Conjugate of the optimum load impedance into which the 
device output operates at a given output power, voltage and 


Pin, INPUT POWER (mW) power. 





Figure 1. Output Power versus Input Power Figure 2. Series Equivalent Input and 
Output Impedance 





Ne 0 ae 


(Not to Scale) 
NOTE: Material is Teflon Fiberglass, 18 mils thick, Cu clad 2 sides 
Figure 3. Photomaster of Test Circuit 





MOTOROLA RF DEVICE DATA MRF3094eMRF3095eMRF3096 
2-607 


TYPICAL CHARACTERISTICS 





Table 2. MRF3095 Common Emitter S-Parameters 


MRF3095 


Pour, OUTPUT POWER (WATTS) 





*ZOL = Conjugate of the optimum load impedance into which the 


device output operates at a given output power, voltage and 
Pin, INPUT POWER (mW) power. 


Figure 4. Output Power versus Input Power Figure 5. Series Equivalent Input and 


Output Impedance 





>» EB041790 y > MRF3095 y 


(Not to Scale) 
NOTE: Material is Tefion Fiberglass, 18 mils thick, Cu clad 2 sides 


Figure 6. Photomaster of Test Circuit 





MRF3094eMRF3095eMRF3096 MOTOROLA RF DEVICE DATA 
2-608 


TYPICAL CHARACTERISTICS 





Table 3. MRF3096 Common Emitter S-Parameters 


MRF3096 





Pour, OUTPUT POWER (WATTS) 





ZoL = Conjugate of the optimum load impedance into which the 
device output operates at a given output power, voltage and 
Pin, INPUT POWER (mW) power. 





Figure 7. Output Power versus Input Power Figure 8. Series Equivalent Input and 
Output Impedance 


> EB042690 y > MRF3096 


(Not to Scale) 
NOTE: Material is Teflon Fiberglass, 18 mils thick, Cu clad 2 sides 
Figure 9. Photomaster of Test Circuit 





MOTOROLA RF DEVICE DATA MRF3094eMRF3095eMRF3096 
2-609 


MOTOROLA 
= SEMICONDUCTOR Ss 
TECHNICAL DATA 


. MRF3104 
The RF Line MRF3105 
Microwave Linear MRF3106 
Power Transistors 


Designed for Class A, Common Emitter Linear Power Amplifiers. 


e 





8.0-12 dB GAIN 
¢ Specified 20 Volt, 1.6 GHz Characteristics: 1.55-1.65 GHz 
MICROWAVE LINEAR 
MRF3104 MRF3105 MRF3106 POWER TRANSISTORS 
Output Power 0.5 W 0.8 W 1.6W 
Power Gain 10.5 dB 9dB 8dB 


e Low Parasitic Microwave Stripline Package 
e Gold Metalization for Improved Reliability 
¢ Diffused Ballast Resistors 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Collector Current MRF3104, MRF3105 
MRF3106 


Operating Junction Temperature 
Storage Temperature 


THERMAL CHARACTERISTICS 


Characteristic | Symbol | 


Thermal Resistance, Junction to Case, DC MRF3104 | Resco (DC) 
MRF3105 
MRF3106 


CASE 305A, STYLE 1 
(.204” PILL) 








ELECTRICAL CHARACTERISTICS 
[Chara *dYCS abot in] ve [toe on] 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mA, Ip = 0) 

Collector-Emitter Breakdown Voltage 
(Ic = 10 mA, VBE = 0) 


Collector-Base Breakdown Voltage 
(Ig = 1 MA, IE = 0) 


Emitter-Base Breakdown Voltage 
(lg = 0.25 mA, Ic = 0) 








Collector Cutoff Current MRF3104, MRF3105 
(Vc = 28 V, IE = 0) MRF3106 
ON CHARACTERISTICS 
DC Current Gain hrE 
(VCE = 5.0 V, Ic = 100 mA) 
(continued) 
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ELECTRICAL CHARACTERISTICS — continued 


OS 


DYNAMIC CHARACTERISTICS 
Output Capacitance (Vcop = 28 V, le = 0, f = 1.0 MHz) MRF3104 
MRF3105 
MRF3106 


FUNCTIONAL TESTS 


Common Emitter Amplifier Gain 
(VCE = 20 V, Ic = 120 mA, Pout = 0.5 W, f = 1.6 GHz) MRF3104 
(VCE = 20 V, Ic = 120 mA, Pout = 0.8 W, f = 1.6 GHz) MRF3105 
(VCE = 20 V, Ic = 240 mA, Pout = 1.6 W, f = 1.6 GHz) MRF3106 


Output Load Mismatch 


(VCE = 20 V, Ic = 120 mA, Poyt = 0.5 W, f= 1.6 GHz) MRF3104 No Degradation in 
(VCE = 20 V, Ic = 120 mA, Pout = 0.8 W, f= 1.6 GHz) MRF3105 Output Power 
(VCE = 20 V, I¢ = 240 mA, Pout = 1.6 W, f= 1.6 GHz) MRF3106 


Gain Linearity 
(VcE = 20 V, Ic = 120 mA, f = 1.6 GHz, 
Poi = 0.5 W, Poe = 0.5 mW) MRF3104 
(VCE = 20 V, Ic = 120 mA, f = 1.6 GHz, 
Po1 = 0.8 W, Pop = 0.5 mW) MRF3105 
(VCE = 20 V, Ic = 240 mA, f = 1.6 GHz, 
Poi = 1.6 W, Po2 = 0.5 mW) ; MRF3106 





TYPICAL CHARACTERISTICS 
MRF3104 





Test Circuit Board 


Freq = 1.6 GHz, I¢ = 120 mA 





= 
e . 
5 
a 
2 0 
oo @) MOTOROLA 
P EB042491 " i MRF3104 { 
(Not to Scale) 
Pin, INPUT POWER (mW) 
Figure 1. Output Power versus Input Power Figure 2. Photomaster for Test Circuit 





Table 1. Common Emitter S-Parameters 
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TYPICAL CHARACTERISTICS — continued 
MRF3105 


Test Circuit Board 





= 
0: 
= = 
= ; =a Pesunatore] 
5 == Ere 
3 O 
oO 
* 6, MOTOROLA 
R EB042490 J » MRF3105 4 
0.0 
0 100 200 (Not to Scale) 
Pin, INPUT POWER (mW) 
Figure 3. Output Power versus Input Power Figure 4. Photomaster for Test Circuit 





Table 2. Common Emitter S-Parameters 


MRF3106 


Test Circuit Board 
Freq = 1.6 GHz, Ic = 240 mA 





Py, OUTPUT POWER (W) 


@) MOTOROLA 


> EB042690 y >» MRF3106 A 


0 100 200 300 400 (Not to Scale) 
Pin, INPUT POWER (mW) 





Figure 5. Output Power versus Input Power Figure 6. Photomaster for Test Circuit 





Table 3. Common Emitter S-Parameters 
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MOTOROLA 
= SEMICONDUCTOR oxy 
TECHNICAL DATA 


The RF Line MRF3866 
a a 

NPN Silicon | 

= = 
High-Frequency Transistor 
... designed for amplifier and oscillator applications in industrial equipment 
construted with surface mount components. SURFACE MOUNT 
e Low Cost SORF Plastic Surface Mount Package RF TRANSISTOR 
° Guaranteed RF Specification — ISo4I2 Re SCO 


e S-Parameter Characterization 
e Tape and Reel Packaging Options Available 





MAXIMUM RATINGS 


Collector-Base Voltage B&B 
Emitter-Base Voltage 


Collector Current — Continuous Io 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Operating and Storage Junction TJ: Tetg —55 to +150 °C 
Temperature Range 
THERMAL CHARACTERISTICS 


ee 





CASE 751, STYLE 1 
(SO-8) 








Thermal Resistance, Junction to Ambient 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characteristic «Symbol win | Twp [Max [Unt 
OFF CHARACTERISTICS 












| Collector-Emitter Breakdown Voltage (I¢=5.0mA,Ree=109) | Verycer | 65 | — | — | 
| Collector-Base Sustaining Voltage (Ie=5.0mA) | Vceoysus) | 30 | =O S| ST 
| Collector-Base Breakdown Vottage(Ic=0.1ma) | Wemcpo | 88 | =O | SO | 
Emitter-Base Breakdown Voltage (Ip = 0.1 mA) TVerepso | 35 [| — | — | vi | 
consort Gur Voe=28v) | tee [ =| =| =] 
[ccc Cu Cuore =86V.Vag=—t8V Rowe) | ~eex [= = | 0 a 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.36 A, VCE = 5.0 V) 





(Ig = 0.05 A, Voz = 5.0 V) 


Collector-Emitter Saturation Voltage (Ic = 100 mA, Ip = 20 mA) Vega) | — | — | 10 | 


SMALL-SIGNAL CHARACTERISTICS 














Current-Gain — Bandwidth Product - 


ff 800 MHz 
(Ic = 50 mA, Vcg = 15 V, f = 200 MHz) 
Output Capacitance Cobo 
(VcB = 30 V, f = 1.0 MHz) 
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Table 1. Common Emitter S-Parameters 
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MOTOROLA 


= SEMICONDUCTOR Sn 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Low Power Transistor 


... designed for amplifier, frequency multiplier, or oscillator applications in 


industrial equipment constructed with surface mount components. Suitable for 1.0 W, 175 MHz 
use as output driver or pre-driver stages in VHF and UHF equipment. seer 
e Low Cost SORF Plastic Surface Mount Package NPN SILICON 





e Guaranteed RF Specification — 1So412 

e §S-Parameter Characterization 

e Low Voltage Version of MRF3866 

e Tape and Reel Packaging Options Available 


& 


CASE 751, STYLE 1 
SORF 





MAXIMUM RATINGS 





THERMAL CHARACTERISTICS 
a 
| Theral Resistance, Junciontoambient—————SSSSSCSCS~dCSRa Pd 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 

[CS haractoato «| SSymbol Min] typ | Max | Unit‘ 
OFF CHARACTERISTICS 













Collector-Emitter Sustaining Voltage V(BR)CEO Vde 
(Ic = 5.0 mAde, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 40 Vde 
(Ic = 5.0 mAdc, Rpg = 10 ohms) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 100 pAdc) 

Collector Cutoff Current ICEO 
(VCE = 12 Vde, Ip = 0) 





(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 100 mAdc, VcE = 5.0 Vdc) 
(Ic = 360 mAde, VcE = 5.0 Vdc) 





Collector-Emitter Saturation Voltage VCE(sat) mVde 
(Ic = 100 mAde, Ip = 20 mAdc) 


DYNAMIC CHARACTERISTICS 





Current-Gain — Bandwidth Product fr 
(I¢ = 50 mAdc, Vog = 12 Vde, f = 200 MHz) 

Output Capacitance Cob pF 
(Vcp = 12 Vde, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS ; 
Common-Emitter Amplifier Power Gain 
(Pin = 15 MW, Vcc = 12 Vde, f = 175 MHz) 
Collector Efficiency (Figure 1) n % 
(Pout = 1.0 W, Voc = 12 Vde, f= 175 MHz) 
Insertion Gain ISo4!2 
(VCE = 12 Vde, Ic = 50 mA, f = 200 MHz) 








C1, C2 — 5.5—18 pF Erie ceramic trimmer 
C3 — 1000 pF ATC 100 mil chip cap. 

C4 — 9.0-35 pF Erie ceramic trimmer 

C5 — Arco 405 mica trimmer 

C6, C8, C10, C14 — 0.1 pF Erie blue cap. 
C7, C9 — 470 pF ATC 100 mil chip cap. 
C11, C13, C15 — 1.0 uF Erie blue cap, non-polar 
C12 — 1000 pF feedthru 

C16 — 10 uF, 25 V tantalum 

D1 — 1N4148 or 1N914 

L1— 6T #20 AWG on #2 drill bit 

L2— 4T #20 AWG on #4 drill bit 

R1 — 4.7 kQ 1/8 watt carbon 

R2 — 100 Q 1/8 watt carbon 

RFC1—4 — 10 pH molded choke 





Figure 1. 175 MHz RF Amplifier Circuit for Functional Tests 
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TYPICAL CHARACTERISTICS 





= 
eo = 
ws S 
g 2 
5 : 
& = 
Ss a 
= = 
5 a 
5 z 
co) zZ 
& 3 

mS 

a 3 6 9 12 #1 18 21 24 27 30 °G 204608100 12040160 180200 
Vcop, COLLECTOR-BASE VOLTAGE (V) Ic, COLLECTOR CURRENT (mA) 
Figure 2. Collector-Base Capacitance Figure 3. Gain Bandwidth Product versus 
versus Voltage Collector Current 


Pout» OUTPUT POWER (mW) 
Pout, OUTPUT POWER (mW) 





4 5 6 7 8 9 10 i 12 13 14 110 120 180 140 150 160 170 180 190 200 210 
Voc, COLLECTOR SUPPLY VOLTAGE (V) f, FREQUENCY (MHz) 
Figure 4. Output Power versus Voltage Figure 5. Output Power versus Frequency 
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6.2-j11.6 

4.6 -j10.4 
= 47.7 + j41.7 
= 47.4-]34.4 


5.65 -j12.6 
6.25 —j12.2 
_ 27.6 -j32.4 
- 27.9 —j27.6 
6.1 ~j13.3 
5.9 -j12.22 
_ 24.8 — j22.8 
- 28.3 -j29.3 
ZoL"* = Conjugate of optimum load impedance into which the device operates at a gain output power, voltage and frequency. 


Table 2. Series Input/Output Impedances 
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MOTOROLA 
= SEMICONDUCTOR 2x 
TECHNICAL DATA 


The RF MOSFET Line MRF5003 


RF Power Field Effect Transistor iside Wabiclioan 
N-Channel Enhancement-Mode 


The MRF5003 is designed for broadband commercial and industrial 
applications at frequencies to 520 MHz. The high gain and broadband 3.0 W, 7.5 V, 512 MHz 
performance of this device makes it ideal for large-signal, common source N-CHANNEL 
amplifier applications in 7.5 Volt and 12.5 Volt mobile, portable, and base BROADBAND 
station FM equipment. _ RF POWER FET 


e Guaranteed Performance at 512 MHz, 7.5 Volts 
Output Power = 3.0 Watts 
Power Gain = 9.5 dB 
Efficiency = 45% 
e Characterized with Series Equivalent Large-Signal impedance Parameters 
e S-Parameter Characterization at High Bias Levels 
e Excellent Thermal Stability 
e All Gold Metal for Ultra Reliability 
e Capable of Handling 20:1 VSWR, @ 15.5 Vdc, 512 MHz, 2.0 dB Overdrive 
e Suitable for 12.5 Volt Applications 
e True Surface Mount Package 
e Available in Tape and Reel 











MAXIMUM RATINGS 


Drain-Source Voltage 

Drain-Gate Voltage (R@g = 1.0 Meg Ohm) 
Gate-Source Voltage 

Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 





Operating Junction Temperature 
THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Reuc °C 





NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 


Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


ee 


OFF CHARACTERISTICS 
Drain-Source Breakdown Voltage V(BR)DSS Vde 
(Vas = 0, Ip = 2.5 mAdc) 
Zero Gate Voltage Drain Current mAdc 
(Vps = 15 Vde, Vas = 0) 
Gate-Source Leakage Current 1.0 pAde 
(V@s = 20 Vde, Vps = 0) 


ON CHARACTERISTICS 
Gate Threshold Voltage 
(Vps = 10 Vde, Ip = 5.0 mAdc) 


Drain-Source On-Voltage 
(V@s = 10 Vde, Ip = 0.5 Adc) 


Forward Transconductance 
(Vpg = 10 Vde, Ip = 0.5 Adc) 
DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 12.5 Vde, Vag = 0, f= 1.0 MHz) 


Output Capacitance 
(Vps = 12.5 Vde, Ves = 0, f= 1.0 MHz) 


Reverse Transfer Capacitance 
(Vps = 12.5 Vde, Vas = 0, f= 1.0 MHz) 



















FUNCTIONAL TESTS (in Motorola Test Fixture) 


Common-Source Amplifier Power Gain 
(Vpp = 7.5 Vde, Pout = 3.0 W, Ipq = 50 mA) f= 512 MHz 
f= 175 MHz 


Drain Efficiency 


(Vpp = 7.5 Vde, Pout = 3.0 W, Ipg = 50 mA) f= 512 MHz 
f= 175 MHz 
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Z12 RF 
RF Zi Z2 2 c4< OUTPUT 
INPUT rt | TH 
Ct C2 
C1, C8,C7,C8 0 to 20 pF Johanson Z1~——«0.350” x 0.08” Microstrip 
C2, C9 56 pF, 100 mil Chip Z2 0.190” x 0.08” Microstrip 
C4 10 pF, 100 mil Chip Z3 0.800” x 0.08” Microstrip 
C5 47 pF, Miniature Clamped Mica Capacitor Z4 0.380” x 0.08” Microstrip 
C6 22 pF, 100 mil Chip Z5 — 0.150” x 0.08” Microstrip 
C10, C15 10 uF, 50 V, Electrolytic Z6 0.285” x 0.08” Microstrip 
C11, C14 0.1 WF, Capacitor Z7 ~—0.340” x 0.08” Microstrip 
c12 1000 pF, 100 mil Chip Z8 = 0.070” x 0.08” Microstrip 
C13 160 pF, 100 mil Chip Z9 ~—- 0.280” x 0.08” Microstrip 
R1 35 Q, 1/4 W Carbon Z10 0.840” x 0.08” Microstrip 
R2 30 Q, 0.1 W Chip Z11 0.180” x 0.08” Microstrip 
R3 1.0 kQ, 0.1 W Chip Z12 0.600” x 0.08” Microstrip 
R4 1.0 MQ, 1/4 W Carbon u1 7 Turns, 0.076” ID, #24 AWG Enamel 
B1 Fair Rite Products Short Ferrite Bead (2743021446) L2 5 Turns, 0.126” ID, #20 AWG Enamel 
Board — Glass Teflon®, 31 mils Input/Output Connectors — Type N 
Note: Plated ceramic part locators (0.1” x 0.15”) soldered onto Z6 and Z7. 


Figure 1. 512 MHz Narrowband Test Circuit 


TYPICAL CHARACTERISTICS 


Y | 
a ee 
| HM | | | | | Top -r25v 
Fi—-4-+-b a Ipg = 50 mA 


Pout, OUTPUT POWER (WATTS) 
Pout, OUTPUT POWER (WATTS) 





0 
0 100 200 300 400 500 
Pin, INPUT POWER (MILLIWATTS) Pin, INPUT POWER (MILLIWATTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 
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TYPICAL CHARACTERISTICS 
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Vpp; SUPPLY VOLTAGE Vpp, SUPPLY VOLTAGE 
Figure 4. Output Power versus Supply Voltage Figure 5. Output Power versus Supply Voltage 
a a 
5 i 
8 8 
5 5 
a Qa. 
3 3 
Vpp, SUPPLY VOLTAGE V@s, GATE-SOURCE VOLTAGE (VOLTS) 
Figure 6. Output Power versus Supply Voltage Figure 7. Output Power versus Gate Voltage 
1000 
(aoe Wes ee pede ee eal ap sale ee 
2 sof | wore [ TT TT] a 
co ae Fes (ee ey oi Ee RRS 
= a0 se ae |_| feed ed 
B 400 = 
za ro) 
= S 
& 200 
- sn em a eB | 
0 0 ieee eee 
0 1 2 3 4 5 0 2 4 6 8 10 12 14 
Vas, GATE-SOURCE VOLTAGE (VOLTS) Vps; DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 8. Drain Current versus Gate Voltage Figure 9. Capacitance versus Voltage 
(Typical Device Shown) 
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Vas, GATE-SOURCE VOLTAGE (NORMALIZED) 
Ip, DRAIN CURRENT (AMPS) 





"5 0 2 50 75 100 125 150 
Tc, CASE TEMPERATURE (°C) Vps, DRAIN SOURCE VOLTAGE (VOLTS) 
Figure 10. Gate-Source Voltage versus Figure 11. Maximum Rated Forward Biased 
Case Temperature Safe Operating Area 



















































Ss Vpp=7.5V Ipq=50mA Poyt=3.0W 
Cen Zin Zol" 
S See he a Le 
| 400 |e -jo2 | 361.7 
OSS SS [oars sss | 
RESO OSES ate 2.7 -j8.5 3.3 -j1.5 
QD so A F 
SSSR | seo] 36s | 2.4 ~ 0.5 
SSNS | 
\y ROS SO Zin = Conjugate of source impedance with parallel 35 Q resistor 
4 so and 47 pF capacitor in series with gate 
<x» one! Zo\* = Conjugate of the load impedance at given output power, 


voltage, frequency, and np > 50% 





Note: Zp|* was chosen based on tradeoffs between gain, drain efficiency, and device stability. 


Figure 12. Series Equivalent input and Output impedance 
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10 V) 


Table 1. Common Source Scattering Parameters (Vps 


50 mA 


Ip = 





500 mA 


Ip= 





Ip=1.0A 
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Z12 Z13 RFE 
ae: 2 To ee << Oueur 
INPUT ? i 
c2 T C3 Tt C4 ab 
C1, C9 100 pF 100 mil Chip C13 0.1 pF, 100 mil Chip 
C2 16 pF, 100 mil Chip C14 160 pF, 100 mil Chip 
c3 24 pF, 100 mil Chip Ri 43 Q, 0.1 W Chip Resistor 
C4 68 pF, 100 mil Chip R2 1000 ©, 0.1 W Chip Resistor 
C5 51 pF, 100 mil Chip R3 10 kQ Potentiometer 
C6 39 pF, 100 mil Chip R4 3000 , 0.1 W Chip Resistor 
c7 6.2 pF, 100 mil Chip L1 5 Turns, 0.126” ID, #20 AWG Enamel 
c8 9.1 pF, 100 mil Chip Z1toZ13 See Photomaster 
C10,C15 39000 pF, 100 mil Chip D1 1N4734 Motorola Zener 
C11,C16 10 pF, 50 V Electrolytic Board — G10, 1/32” 
Ci2 10000 pF, 100 mil Chip Input/Output Connectors — SMA 
Bi Fair Rite Products Short Ferrite Bead (2743021446) 
Figure 13. Schematic of Broadband Demonstration Amplifier 
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Pout, OUTPUT POWER (WATTS) 


Pout, OUTPUT POWER (WATTS) 





PERFORMANCE CHARACTERISTICS OF BROADBAND DEMONSTRATION AMPLIFIER 





0 200 400 600 800 1000 1200 


Pin, INPUT POWER (MILLIWATTS) 


Figure 14. Output Power versus Input Power 
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Vas, GATE-SOURCE VOLTAGE (VOLTS) 


Figure 16. Output Power versus Gate Voltage 


Pout, OUTPUT POWER (WATTS) 










& 
nn, DRAIN EFFICIENCY (%) 


1.00 
410 420 «430—=t=—i«s—“(iétéiBSCtéGO.SCs«47O 
f, FREQUENCY (MHz) 


Figure 15. Output Power, Drain Efficiency and 
VSWR versus Frequency 


i 


SCALE 0.75:1 


Figure 17. Photomaster for 400-470 MHz 
Broadband Demonstration Amplifier 





Figure 18. 512 MHz Broadband Test Circuit 
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DESIGN CONSIDERATIONS 

The MRF5003 is a common-source, RF power, N-Channel 
enhancement mode, Metal-Oxide Semiconductor Field-Ef- 
fect Transistor (MOSFET). Motorola RF MOSFETs feature a 
vertical structure with a planar design. Motorola Application 
Note AN211A, “FETs in Theory and Practice’, is suggested 
reading for those not familiar with the construction and char- 
acteristics of FETs. 

This surface mount packaged device was designed pri- 
marily for VHF and UHF power amplifier applications. 
Manufacturability is improved by utilizing the tape and reel 
capability for fully automated pick and placement of parts. 

The major advantages of RF power MOSFETs include 
high gain, simple bias systems, relative immunity from ther- 
mal runaway, and the ability to withstand severely mis- 
matched loads without suffering damage. 


MOSFET CAPACITANCES 
The physical structure of a MOSFET results in capacitors 
between all three terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during fabrica- 
tion of the RF MOSFET results in a junction capacitance 
from drain-to-source (Cgs). These capacitances are charac- 
terized as input (Cjgg), output (Cogs) and reverse transfer 
(Crgg) capacitances on data sheets. The relationships be- 
tween the inter-terminal capacitances and those given on 
data sheets are shown below. The Cigg can be specified in 
two ways: 
1. Drain shorted to source and positive voltage at the gate. 


2. Positive voltage of the drain in respect to source and zero 
volts at the gate. 
In the latter case, the numbers are lower. However, neither 
method represents the actual operating conditions in RF ap- 
plications. 


Cigg = Cgg + Cgs 


Cds Coss = Cgd + Cds 
Criss = Cod 


SOURCE 





DRAIN CHARACTERISTICS 

One critical figure of merit for a FET is its static resistance 
in the full-on condition. This on-resistance, RDS(on), occurs in 
the linear region of the output characteristic and is specified 
at a specific gate-source voltage and drain current. The 
drain-source voltage under these conditions is termed 
VDS(on)- For MOSFETs, VpS(on) has a positive temperature 
coefficient at high temperatures because it contributes to the 
power dissipation within the device. 


GATE CHARACTERISTICS 

The gate of the RF MOSFET is a polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high — on the order of 109 0 — 
resulting in a leakage current of a few nanoamperes. 


MOTOROLA RF DEVICE DATA 


Gate control is achieved by applying a positive voltage to 
the gate greater than the gate-to-source threshold voltage, 
VQS\th)- 

Gate Voltage Rating — Never exceed the gate voltage 
tating. Exceeding the rated Vas can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are es- 
sentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended 
with appropriate RF decoupling. 

Using a resistor to keep the gate-to-source impedance low 
also helps dampen transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 


DC BIAS 

Since the MRF5003 is an enhancement mode FET, drain 
current flows only when the gate is at a higher potential than 
the source. See Figure 8 for a typical plot of drain current ver- 
sus gate voltage. RF power FETs operate optimally with a 
quiescent drain current (Ip@), whose value is application de- 
pendent. The MRF5003 was characterized at Ipq = 50 mA, 
which is the suggested value of bias current for typical ap- 
plications. For special applications such as linear amplifica- 
tion, IpD@ may have to be selected to optimize the critical 
parameters. 

The gate is a de open circuit and draws no current. There- 
fore, the gate bias circuit may generally be just a simple re- 
sistive divider network. Some special applications may 
require a more elaborate bias system. 


GAIN CONTROL 

Power output of the MRF5003 may be controlled from its 
rated value down to zero (negative gain) with a low power dc 
control signal, thus facilitating applications such as manual 
gain control, ALC/AGC and modulation systems. Figure 16 is 
an example of output power variation with gate-source bias 
voltage. This characteristic is very dependent on frequency 
and load line. 


MOUNTING 

The specified maximum thermal resistance of 14°C/W as- 
sumes a majority of the 0.100” x 0.200” source contact on 
the back side of the package is in good contact with an ap- 
propriate heat sink. In the test fixture shown in Figure 1, the 
device is clamped directly to a copper pedestal. In the dem- 
onstration amplifier, the device was mounted on top of the 
G10 circuit board and heat removal was accomplished 
through several solder filled plated through holes. As with all 
RF power devices, the goal of the thermal design should be 
to minimize the temperature at the back side of the package. 
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AMPLIFIER DESIGN 

Impedance matching networks similar to those used with 
bipolar transistors are suitable for the MRF5003. For exam- 
ples see Motorola Application Note AN721, “impedance 
Matching Networks Applied to RF Power Transistors”. Both 
small-signal S-parameters and large-signal impedances are 
provided. While the S-parameters will not produce an exact 
design solution for high power operation, they do yield a 
good first approximation. This is an additional advantage of 
RF power MOSFETs. 

Since RF power MOSFETs are triode devices, they are not 
unilateral. This coupled with the very high gain of the 
MRF5003 yield a device capable of self oscillation. Stability 
may be achieved by techniques such as drain loading, input 
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shunt resistive loading, or output to input feedback. Different 
stabilizing techniques were applied to the test fixture and 
demonstration amplifiers. The RF test fixture implements a 
parallel resistor and capacitor in series with the gate while 
the demonstration amplifier utilizes a 43 Q shunt resistor 
from gate to ground. Both circuits have a load line selected 
for a higher efficiency, lower gain, and more stable operating 
region. 

Two port stability analysis with the MRF5003 S-parame- 
ters provides a useful tool for selection of loading or feed- 
back circuitry to assure stable operation. See Motorola 
Application Note AN215A, “RF Small-Signal Design Using 
Two-Port Parameters’, for a discussion of two port network 
theory and stability. 





MOTOROLA RF DEVICE DATA 


m= SEMICONDUCTOR Sox 


MOTOROLA 
TECHNICAL DATA 


Advance Information MRF5015 
The RF MOSFET Line Motorola Preferred Device 
RF Power Field Effect Transistor 


N-Channel Enhancement-Mode 
15 W, 512 MHz, 12.5 VOLTS 


Designed for broadband commercial and industrial applications at frequen- N 

Fs ‘ “CHANNEL BROADBAND 
cies to 520 MHz. The high gain and broadband performance of this device RE POWER FET 
makes it ideal for large-signal, common source amplifier applications in 12.5 
volt mobile, and base station FM equipment. 


e Guaranteed Performance at 512 MHz, 12.5 Volts 
Output Power — 15 Watts 
Power Gain — 10 dB Min 
Efficiency — 50% Min 
e Characterized with Series Equivalent Large-Signal impedance Parameters 
e S-Parameter Characterization at High Bias Levels 
e Excellent Thermal Stability 
¢ All Gold Metal for Ultra Reliability 
e Capable of Handling 20:1 VSWR, @ 15.5 Vdc, 512 MHz, 2 dB Overdrive 





















MAXIMUM RATINGS 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Rec ee ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


| Charecteristic Sambo Min Tye Mex une 


OFF CHARACTERISTICS 


[Drs Souce Breakdown Votape Wes=O.io=5maa) [Vamps ~ 9 [ — | — | ve | 
= 
[Gate Souce Leakage Goren Ves=20ve6Vos=0 | less _| 

(continued) 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 
packaging MOS devices should be observed. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 











Preferred devices are Motorola recommended choices for future use and best overail value. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


ON CHARACTERISTICS 
Gate Threshold Voltage V@si(th) Vde 
(Vps = 10 Vde, Ip = 10 mAdc) 
Drain-Source On-Voltage Vps(on) 0.375 Vde 
(V@s = 10 Vde, Ip = 1 Adc) 
Forward Transconductance fs 1.2 
(Vpg = 10 Vde, Ip = 1 Adc ) 


DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 12.5 Vdc, Vag = 0, f = 1 MHz) 


Output Capacitance 
(Vps = 12.5 Vde, V@g = 0, f = 1 MHz) 


Reverse Transfer Capacitance 
(Vps = 12.5 Vde, Vag = 0, f = 1 MHz) 


FUNCTIONAL TESTS (in Motorola Test Fixture) 


Common-Source Amplifier Power Gain 
(Vpp = 12.5 Vde, Pout = 15 W, f= 512 MHz 
Ipq = 100 mA) f= 175 MHz 


Drain Efficiency 
(Vpp = 12.5 Vde, Pout = 15 W, f= 512 MHz 
IpQ = 100 mA) f= 175 MHz 


Load Mismatch 
(Vop = 15.5 Vde, 2 dB Overdrive, f = 512 MHz, No Degradation in Output Power 
Load VSWR = 20:1, All Phase Angles at Frequency of Test) 
















Vpo 








Zi zi Ne 
FF Input RF Output 
Bi, B2 Ferrite Bead, Fair Rite Products R3 160 Q, 0.1 W Chip 
C1, C013 10 pF, 50 V, Electrolytic 21, Z11 Transmission Line* 
C2, C12 0.1 wF, Chip Capacitor 22 Transmission Line* 
C3, C4,C10,C11 120 pF, Chip Capacitor 23 Transmission Line* 
C5, C9 0 to 20 pF, Trimmer Capacitor 24 Transmission Line* 
C6 36 pF, Chip Capacitor Z5 Transmission Line* 
C7 43 pF, Chip Capacitor Zé Transmission Line* 
cs 30 pF, Chip Capacitor 27, Z8 Transmission Line+ 
L1, L2 7 Turns, 24 AWG 0.116” ID 29 Transmission Line* 
Ni, N2 Type N Flange Mount Z10 Transmission Line* 
R1 1 kQ, 1/4 W, Carbon Board Glass Teflon® 0.060” 
R2 470 kQ, 1/4 W, Carbon + Part of Capacitor Mount Socket 
*See Photomaster 
Figure 1. 512 MHz Narrowband Test Circuit Electrical Schematic 
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SCALE 0.75:1 





Figure 2. Photomaster for 512 MHz Narrowband Test Fixture 
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Figure 3. Test Fixture 
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TYPICAL CHARACTERISTICS 
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Figure 4. Output Power versus Input Power Figure 5. Output Power versus Supply Voltage 
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Figure 8. Capacitance versus Voltage Figure 9. Gate-Source Voltage 
versus Case Temperature 
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TYPICAL CHARACTERISTICS 





Ip, DRAIN CURRENT (AMPS) 


es 
Bee ee es ee 
a ae ae eal 
1 10 100 
Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 10. DC Safe Operating Area 





Vpp = 12.5 V, Ipq = 100 mA, Poy, = 15 W 



































ZoL* Eras 460 someone) 8 

















f = 400 MHz 





Zin = Conjugate of source impedance with 
parallel 160 Q resistor and 36 pF capacitor 
in series with gate. 


ZOL* = Conjugate of the load impedance at given 
output power, voltage and frequency that 
produces maximum gain. 











Figure 11. Series Equivalent Input and Output Impedance 
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Table 1. Common Source Scattering Parameters (Vps = 12.5 V) 


Ip = 50 mA 
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DESIGN CONSIDERATIONS 


The MRF5015 is a common-source, RF power, N-Channel 
enhancement mode, Metal-Oxide Semiconductor Field- 
Effect Transistor (MOSFET). Motorola RF MOSFETs feature 
a vertical structure with a planar design. Motorola Application 
Note AN211A, “FETs in Theory and Practice,” is suggested 
reading for those not familiar with the construction and char- 
acteristics of FETs. 

This device was designed primarily for 12.5 volt VHF and 
UHF power amplifier applications. The major advantages of 
RF power MOSFETs include high gain, simple bias systems, 
relative immunity from thermal runaway, and the ability to 
withstand severely mismatched loads without suffering dam- 
age. 

MOSFET CAPACITANCES 


The physical structure of a MOSFET results in capacitors 
between all three terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during fabrica- 
tion of the RF MOSFET results in a junction capacitance 
from drain-to-source (Cqs). These capacitances are charac- 
terized as input (Cjgg), output (Cogg) and reverse transfer 
(Crgg) capacitances on data sheets. The relationships be- 
tween the inter-terminal capacitances and those given on 
data sheets are shown below. The Cisg can be specified in 
two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage of the drain in respect to source and 

zero volts at the gate. 

In the latter case, the numbers are lower. However, neither 
method represents the actual operating conditions in RF ap- 
plications. 





DRAIN CHARACTERISTICS 


One critical figure of merit for a FET is its static resistance 
in the full-on condition. This on-resistance, Rds(on), occurs in 
the linear region of the output characteristic and is specified 
at a specific gate-source voltage and drain current. The 
drain-source voltage under these conditions is termed 
Vds(on). For MOSFETs, Vds(on) has a positive temperature 
coefficient at high temperatures because it contributes to the 
power dissipation within the device. 
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GATE CHARACTERISTICS 


The gate of the RF MOSFET is a polysilicon material, and 
is electrically isolated from the source by a layer of oxide. 
The input resistance is very high, on the order of 109 Q, re- 
sulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage to 
the gate greater than the gate-to-source threshold voltage, 
VGS\(th)- 

Gate Voltage Rating — Never exceed the gate voltage rat- 
ing. Exceeding the rated V@g can result in permanent dam- 
age to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are es- 
sentially capacitors. Circuits that leave the gate open-cir- 
cuited or floating must be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended 
with appropriate RF decoupling networks. 

Using a resistor to keep the gate-to-source impedance low 
also helps dampen transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 


DC BIAS 


Since the MRF5015 is an enhancement mode FET, drain 
current flows only when the gate is at a higher potential than 
the source. See Figure 7 for a typical plot of drain current 
versus gate voltage. RF power FETs operate optimally with a 
quiescent drain current (IpqQ), whose value is application de- 
pendent. The MRF5015 was characterized at Ipq = 100 mA, 
which is the suggested value of bias current for typical ap- 
plications. For special applications such as linear amplifica- 
tion, IpQ may have to be selected to optimize the critical 
parameters. 

The gate is a dc open circuit and draws essentially no cur- 
rent. Therefore, the gate bias circuit may generally be just a 
simple resistive divider network. Some special applications 
may require a more elaborate bias system. 


GAIN CONTROL 


Power output of the MRF5015 may be controlled to some 
degree with a low power dc control signal applied to the gate, 
thus facilitating applications such as manual gain control, 
ALC/AGC and modulation systems. Figure 6 is an example 
of output power variation with gate-source bias voltage with 
Pin held constant. This characteristic is very dependent on 
frequency and load line. 
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AMPLIFIER DESIGN 


Impedance matching networks similar to those used with 
bipolar transistors are suitable for the MRF5015. For exam- 
ples see Motorola Application Note AN721, “Impedance 
Matching Networks Applied to RF Power Transistors.” Both 
small-signal S-parameters and large-signal impedances are 
provided. While the S-parameters will not produce an exact 
design solution for high power operation, they do yield a 
good first approximation. This is an additional advantage of 
RF power MOSFETs. 

Since RF power MOSFETs are triode devices, they are not 
unilateral. This coupled with the very high gain of MRF5015 
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yield a device quite capable of self oscillation. Stability may 
be achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Different 
stabilizing techniques may be required depending on the 
desired gain and bandwidth of the application. The RF test 
fixture implements a parallel resistor and capacitor in series 
with the gate to improve stability and input impedance Q. 

Two port stability analysis with the MRF5015 
S-parameters provides a useful tool for selection of loading 
or feedback circuitry to assure stable operation. See 
Motorola Application Note AN215A, “RF Small-Signal 
Design Using Two-Port Parameters,” for a discussion of two 
port network theory and stability. 
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TECHNICAL DATA 


Advance Information MRF5035 
The RF MOSFET Line poemeass 


RF Power Field Effect Transistor 
N-Channel Enhancement-Mode 


Designed for broadband commercial and industrial applications at frequen- 
cies to 520 MHz. The high gain and broadband performance of this device 
makes it ideal for large-signal, common source amplifier applications in 12.5 
volt mobile, and base station FM equipment. 

e Guaranteed Performance at 512 MHz, 12.5 Volt 
Output Power — 35 Watts 
Power Gain — 6.5 dB Min 
Efficiency — 50% Min 
e Characterized with Series Equivalent Large-Signal Impedance Parameters 
e S-Parameter Characterization at High Bias Levels 
e Excellent Thermal Stability 
e All Gold Metal for Ultra Reliability 


e Capable of Handling 20:1 Load VSWR, @ 15.5 Volt, 512 MHz, 
2 dB Overdrive 





35 W, 12.5 VOLTS, 512 MHz 
N-CHANNEL BROADBAND 
RF POWER FET 



























MAXIMUM RATINGS 


Drain-Source Voltage 

Drain-Gate Voltage (RGS = 1 MQ) 
Gate-Source Voltage 

Drain Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 












Operating Junction Temperature 
THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characters «Symbol [Win | wp [Max [Unit 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage (Vqg = 0, Ip = 20 mAdc) V(BR)DSS 
Zero Gate Voltage Drain Current (Vpg = 15 Vdc, Vag = 0) | Ipss | 





Gaté-Source Leakage Current (Vqg = 20 Vdc, Vps = 0) 


(continued) 


NOTE — CAUTION — MOS devices are susceptible to damage from electrostatic charge. Reasonable precautions in handling and 


packaging MOS devices should be observed. 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


harness Symbot inte Mae | Unt 


ON CHARACTERISTICS 


Gate Threshold Voltage V@Sith) 
(Vps = 10 Vde, Ip = 25 mAdc) 

Drain-Source On-Voltage VpS(on) 
(V@s = 10 Vde, Ip = 3 Adc) 

Forward Transconductance 
(Vps = 10 Vde, Ip = 3 Adc ) 












DYNAMIC CHARACTERISTICS 


Input Capacitance 
(Vps = 12.5 Vde, V@g = 0, f = 1 MHz) 


Output Capacitance 


(Vps = 12.5 Vde, Vas = 0, f= 1 MHz) 


Reverse Transfer Capacitance 
(Vps = 12.5 Vde, Ves = 0, f= 1 MHz) 


FUNCTIONAL TESTS (in Motorola Test Fixture) 


Common-Source Amplifier Power Gain 
(Vpp = 12.5 Vde, Poyt = 35 W, f= 512 MHz 
IDQ = 400 mA) f= 175 MHz 





Drain Efficiency 
(Vpp = 12.5 Vde, Pout = 35 W, f= 512 MHz 
Ipq = 400 mA) f= 175 MHz 


Load Mismatch 
(Vpp = 15.5 Vde, 2 dB Overdrive, f = 512 MHz, 
Load VSWR = 20:1, All Phase Angles at Frequency of Test) 





Vea 





Components List 


B1, B2 Short Ferrite Bead, Fair Rite Products Ni, N2 Type N Flange Mount 
C1,C014 10 pF, 50 V, Electrolytic Ri 1 kQ, 1/4 W, Carbon 
c2 1500 pF, Chip Capacitor R2 1 MQ, 1/4 W, Carbon 
c3 140 pF, Chip Capacitor R3 100 Q, 1/4 W, Carbon 
C4, C11 0-10pF, Trimmer Capacitor R4 110 Q, 1/4 W, Carbon 
cs 30 pF, Chip Capacitor Z1,Z9 Transmission Line* 
C6, C7 43 pF, Chip Capacitor Z2 Transmission Line* 
C8, C9 36 pF, Chip Capacitor 23 Transmission Line* 
C10 3.6 pF, Chip Capacitor 24 Transmission Line* 
C12, C15,C16 120 pF, Chip Capacitor 27 Transmission Line* 
C13 0.1 WF, Chip Capacitor 28 Transmission Line* 
L1 5 Turns, 18 AWG, 0.116” ID Board Glass Teflon® 0.060” 
L2 8 Turns, 20 AWG, 0.125” ID *See Photomaster for Dimerisions 


Figure 1. 512 MHz Narrowband Test Circuit Electrical Schematic 
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SCALE 0.75:1 


Figure 2. Photomaster for 512 MHz Narrowband Test Fixture 
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Figure 3. Test Fixture 
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TYPICAL CHARACTERISTICS 


Py Pin =t0 WY) 
inq=a00ma | | | AM 


f = 400 MHz 







Foyt» OUTPUT POWER (WATTS) 
Pout» OUTPUT POWER (WATTS) 
8 





Bey, ie el Oe 
iY, ~ 15 
Ipq = 400 mA 
les Os a Gta ; 
6 7 8 9 10 aT 12 13 14 15 16 


Pin, INPUT POWER (WATTS) Vpp. SUPPLY VOLTAGE (VOLTS) 


Figure 4. Output Power versus Input Power Figure 5. Output Power versus Supply Voltage 
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TYPICAL CHARACTERISTICS 
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Tc, CASE TEMPERATURE (°C) Vps, DRAIN-SOURCE VOLTAGE (VOLTS) 
Figure 10. Gate-Source Voltage Figure 11. DC Safe Operating Area 
versus Case Temperature 





Vpp = 12.5 V, Ipq = 400 mA, Pin = 7.8 W, 
Tune for Maximum Output Power 


Zo" 
(Q) 
Zin 4 j 


1.0 +j0.89 0.87 + j2.1 
0.90 + j0.83 0.79 + j2.2 
0.83 + j0.81 0.73 +j2.3 






































re | 3 


7(- BL), on conouerance cowronena(€) 































































































0.87 + j0.90 0.71 + j2.5 
0.97 +j1.0 0.74 + j2.6 


0.82 + j0.83 0.71 + j2.4 
1.1 +j1.2 0.80 + j2.7 








Zo." = Conjugate of the load impedance at given 
input power, voltage and frequency that 
produces maximum output power. 











Figure 12. Series Equivalent Input and Output Impedance 
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Table 1. Common Source Scattering Parameters (Vps = 12.5 V) 
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DESIGN CONSIDERATIONS 


The MRF5035 is a common-source, RF power, N-Channel 
enhancement mode, Metal-Oxide Semiconductor Field-Ef- 
fect Transistor (MOSFET). Motorola RF MOSFETs feature a 
vertical structure with a planar design. Motorola Application 
Note AN211A, “FETs in Theory and Practice,” is suggested 
reading for those not familiar with the construction and 
characteristics of FETs. 

This device was designed primarily for 12.5 volt VHF and 
UHF Land Mobile FM power amplifier applications. The 
major advantages of RF power MOSFETs include high gain, 
simple bias systems, relative immunity from thermal run- 
away, and the ability to withstand severely mismatched loads 
without suffering damage. 


MOSFET CAPACITANCES 


The physical structure of a MOSFET results in capacitors 
between all three terminals. The metal oxide gate structure 
determines the capacitors from gate-to-drain (Cgq), and 
gate-to-source (Cgs). The PN junction formed during fabrica- 
tion of the RF MOSFET results in a junction capacitance 
from drain-to-source (Cqg). These capacitances are charac- 
terized as input (Cjgg), output (Cogs) and reverse transfer 
(Crss) capacitances on data sheets. The relationships 
between the inter-terminal capacitances and those given on 
data sheets are shown below. The Cigg can be specified in 
two ways: 

1. Drain shorted to source and positive voltage at the gate. 

2. Positive voltage of the drain in respect to source and 

zero volts at the gate. 
In the latter case, the numbers are lower. However, neither 
method represents the actual operating conditions in RF 
applications. 





DRAIN CHARACTERISTICS 


One critical figure of merit for a FET is its static resistance 
in the full-on condition. This on-resistance, Rds(on); occurs in 
the linear region of the output characteristic and is specified 
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at a specific gate-source voltage and drain current. The 
drain-source voltage under these conditions is termed 
Vds(on). For MOSFETs, Vds(on) has a positive temperature 
coefficient at high temperatures because it contributes to the 
power dissipation within the device. 


GATE CHARACTERISTICS 


The gate of the RF MOSFET is a polysilicon material, and 
is electrically isolated from the source by a layer. of oxide. 
The input resistance is very high, on the order of 109 Q, 
resulting in a leakage current of a few nanoamperes. 

Gate control is achieved by applying a positive voltage to 
the gate greater than the gate-to-source threshold voltage, 
VGSi(th)- 

Gate Voltage Rating —- Never exceed the gate voltage 
rating. Exceeding the rated Vqs can result in permanent 
damage to the oxide layer in the gate region. 

Gate Termination — The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating must be avoided. These conditions can 
result in turn-on of the devices due to voltage build-up on the 
input capacitor due to leakage currents or pickup. 

Gate Protection — These devices do not have an internal 
monolithic zener diode from gate-to-source. If gate protec- 
tion is required, an external zener diode is recommended 
with appropriate RF decoupling networks. 

Using a resistor to keep the gate-to-source impedance low 
also helps dampen transients and serves another important 
function. Voltage transients on the drain can be coupled to 
the gate through the parasitic gate-drain capacitance. If the 
gate-to-source impedance and the rate of voltage change on 
the drain are both high, then the signal coupled to the gate 
may be large enough to exceed the gate-threshold voltage 
and turn the device on. 


DC BIAS 


Since the MRF5035 is an enhancement mode FET, drain 
current flows only when the gate is at a higher potential 
than the source. See Figure 8 for a typical plot of drain 
current versus gate voltage. RF power FETs operate 
optimally with a quiescent drain current (IDQ), whose value 
is application dependent. The MRF5035 was characterized 
at IpD@ = 400 mA, which is the suggested value of bias 
current for typical applications. For special applications 
such as linear amplification, I[pQ may have to be selected to 
optimize the critical parameters. 

The gate is a dc open circuit and draws essentially no 
current. Therefore, the gate bias circuit may generally be just 
a simple resistive divider network. Some special applications 
may require a more elaborate bias system. 
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GAIN CONTROL 


Power output of the MRF5035 may be controlled to some 
degree with a low power dc control signal applied to the 
gate, thus facilitating applications such as manual gain 
control, ALC/AGC and modulation systems. Figure 7 is an 
example of output power variation with gate-source bias 
voltage with Pin held constant. This characteristic is very 
dependent on frequency and load line. 


AMPLIFIER DESIGN 


Impedance matching networks similar to those used with 
bipolar transistors are suitable for the MRF5035. For 
examples see Motorola Application Note AN721, “Imped- 
ance Matching Networks Applied to RF Power Transistors.” 
Both small-signal S-parameters and large-signal imped- 
ances are provided. While the S-parameters will not produce 
an exact design solution for high power operation, they do 
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yield a good first approximation. This is an additional 
advantage of RF power MOSFETs. 

Since RF power MOSFETs are triode devices, they are not 
unilateral. This coupled with the high gain of the MRF&035 
yield a device quite capable of self oscillation. Stability may 
be achieved by techniques such as drain loading, input shunt 
resistive loading, or output to input feedback. Different 
stabilizing techniques may be required depending on the 
desired gain and bandwidth of the application. The RF test 
fixture implements a resistor in shunt with the gate to 
improve stability. Two port stability analysis with the 
MRF5035 S-parameters provides a useful tool for selection 
of loading or feedback circuitry to assure stable operation. 
See Motorola Application Note AN215A, “RF Small-Signal 
Design Using Two-Port Parameters,” for a discussion of two 
port network theory and stability. 
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MOTOROLA 
= SEMICONDUCTOR 2x 
TECHNICAL DATA 


The RF Line 
PNP Silicon 
High-Frequency Transistor 


... designed for amplifier, oscillator or frequency multiplier applications in 


; I¢ = -500 mA 
industrial equipment. Suitable for use as a Class A, B or C output driver or Aincace MOUNT 
pre-driver stages in VHF and UHF. HIGH-FREQUENCY 
« Low Cost SORF Plastic Surface Mount Package TRANSISTOR 


PNP SILICON 





« Guaranteed RF Specification — |S24I2 
e S-Parameter Characterization 
e Tape and Reel Packaging Options Available 


MAXIMUM RATINGS 
Pang YS [va 
| Cotecorenitervetage ‘| voeo | 0 
[Cotecorsasevetago | Vopo | 90 _| 
a 
= 













@ 







Emitter-Base Voltage VEBO 
Collector Current — Continuous 


Operating and Storage Junction Ty. Tstg | —55 to +150 
Temperature Range : 
THERMAL CHARACTERISTICS 


ae eee, be eee oe 


Total Device Dissipation @ Ta = 25°C 1.0 Watt 
Derate above 25°C 8.0 mw/°c 


CASE 751, STYLE 1 
(SO-8) 





cm 














Themal Resistance Juncion © Anbar 7 a 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
eS 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (I¢ = -10 mA) V(BR)CEO 


Collector-Base Breakdown Voltage (Ic = —10 pA) | — | 
Emitter-Base Breakdown Voltage (IE = —100 nA) | — | 
acl 
Emitter Cutoff Current (Veg =—2.0 V) | leBo | | — | 
=e 

ee 





ON CHARACTERISTICS 


DC Current Gain (Ic = -40 mA, VoE =-2.0 V) 
(I¢ = -100 mA, VcoE = —-2.0 V) 
(Ic = -300 mA, VcE = -5.0 V) 


Collector-Emitter Saturation Voltage (Ic = -100 mA, Ip = -10 mA) 


Base-Emitter On Voltage (I¢ = —100 mA, VoE = -2.0 V) | = | 





SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic =-35 mA, VcE = -15 V, f = 100 MHz) 
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[sd add 
8 | oh ole Part a pera tee ae 





Table 1. Common Emitter S-Parameters 





MRF5583 MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR SR 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Low Power Transistor 


. .. designed for high current, low power amplifiers up to 2.0 GHz. Ig = 200 mA 


e High Current-Gain — Bandwidth Product — SURFACE MOUNT 
fT = 5.5 GHz (Typ) @ Ic = 75 mA HIGH-FREQUENCY 
e Low Noise — 2.0 dB (Typ) @ 500 MHz TRANSISTOR 


NPN SILICON 





e Low Intermodulation Distortion 
e High Gain — 15.5 dB (Typ) @ 500 MHz 
e Low Cost SORF Plastic Surface Mount Package 
e State-of-the-Art Technology 
Fine Line Geometry 
Gold Top Metal and Wires 
Silicon Nitride Passivated B&B 
lon Implanted Arsenic Emitters 


e Die Same as MRF581,A 





CASE 751, STYLE 1 
SORF 





MAXIMUM RATINGS 

Vee 

Total Device Dissipation @ Tc = 110°C (1) aa Watts 
Derate above 110°C . 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C (2) 


Operating Junction and Storage Temperature Range 


THERMAL CHARACTERISTICS 


Characteristic 














81d 











[Thermal Resistance dunciontoase SS SSSSCSC~C~‘~‘~srCSS SSC 

[Thermal Resistance JunetontoAnbint ————SSSCSCSCS~C~S~ Ra «| 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
a 
OFF CHARACTERISTICS 


Colecor itr Satcow Veage (650 nA BO) | Venceo [1 [~~] 
Collector-Emitter Breakdown Voltage (Ic =5.0mAde,Vge=0) | Veryces | 3 | — [| — | vac | 








Emitter-Base Breakdown Voltage (Ig = 0.1 mAde, Ic = 0) V(BR)EBO 
Collector Cutoff Current (Vop = 15 Vdc, VBE = 0, Tc = 25°C) 
NOTE: (continued) 
1. Case Temperature is measured on the collector lead where it first contacts the printed circuit board closest to the package. 
2. Free air. 
MOTOROLA RF DEVICE DATA MRF5812 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Charactenate | Symbol mine | Maxon 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance (Vop = 10 Vdc, IE = 0, f = 1.0 MHz) | cp | — [ 12 | 20 | pF 


Current-Gain — Bandwidth Product (1) ft 
(ic = 75 mAdc, VogE = 10 Vde, f = 1.0 GHz) 

Noise Figure (Minimum) NFMIN 
(ic = 50 mAdc, Voge = 10-Vde, f = 0.5 GHz) Figure 4 


FUNCTIONAL TESTS 

Noise Figure (50 Ohm Insertion) : NF59 9 
(i¢ = 50 mAde, VcE = 10 Vde, f = 0.5 GHz) Figure 5 

Power Gain Associated with Noise Figure 1So4l2 13 
(I¢ = 50 mAde, VcE = 10 Vdc, f = 0.5 GHz) Figure 5 

Maximum Unilateral Gain (1) GUmax 17 
(Ig = 75 mAde, VcE = 10 Vde, f= 0.5 GHz) 

Intermodulation Distortion (2) Figure 1 IMD(d3) 
(VCE = 10 Vde, Io = 75 mAde, Voyt = +50 dBmV) 


NOTES: 1So4 2 


1. Characterized on HP8542 Automatic Network Analyzer. G = 
yer, Umax = 154 41)(1 =1Saal2) 


2. 2 Tones, f1 = 497 MHz, f2 = 503 MHz, 3rd Order Single Tone Reference. 









*HP11S90B BIAS = *MICROLAB/FXR 
NETWORK SF-11N FOR f <1 GHz 
SF-31N FOR f> 1 GHz 





VcE = 10 Vde 






VBE 







RF OUTPUT 
“SLUG TUNER “BIAS 


TEE 





RF INPUT 





“BIAS “SLUG TUNER 
TEE 








**HP11608A TRANSISTOR FIXTURE = 


Figure 1. Functional Circuit Schematic 


TYPICAL CHARACTERISTICS 








& & 
a8 8 
2 = 
3 & 
o 4 ry 
2 
a FF a ee 
see Se Gt (A se (ee He 
1 2 3 
Vep, EMITTER-BASE VOLTAGE (VOLTS) Veb, COLLECTOR-BASE (VOLTS) 
Figure 2. Cjp Input Capacitance versus Voltage Figure 3. Cob, Cob Collector-Base Capacitance 
versus Voltage 
MRF5812 MOTOROLA RF DEVICE DATA 
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| 
a 
a 
z 
N 
| 


VcE = 10 Vdc 
Ig = 50 mA 
CKT — FIGURE 1 


Gn, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 


Pp ft tT tA TNT tT TT 





{, FREQUENCY (GHz) 


Figure 4. Noise Figure and Gain Associated with 
Noise Figure versus Frequency 


NIK iS? 
Leu SUmax™ (= [S2\t Sao) 


Ze 

aan sa 
4 SDS 
a Brie : _ 


ca ee 

Set 
i ee es a WO 0 
a ee lS ee 


05 O07 3 
f, FREQUENCY ae 


GAIN (dB) 


VcE = 10 Vde 
Io =75 mA 
NUN 





Figure 6. GUmax — Maximum Unilateral Gain, 
ISo4!2 versus Frequency 


Aue aaee eames 
PTA TT vee toe 
Paeeteeeeis 

al eles le che eta poly 
tee RRee eee ee 


120 140 















ft, GAIN-BANDWIDTH PRODUCT (GHz) 
> 





e Siena bine iy 


Figure 8. Gain-Bandwidth Product versus 
Collector Current 


MOTOROLA RF DEVICE DATA 


NOISE FIGURE (dB) 


NOISE FIGURE (dB) 


f= 500 MHz 
VceE = 10 Vde 


Gyr, GAIN ASSOCIATED WITH NOISE FIGURE (dB) 





Ic, COLLECTOR CURRENT (mA} 


Figure 5. Noise Figure and Gain Associated with 
Noise Figure versus Collector Current 


GAIN (dB) 





f, FREQUENCY (GHz) 


Figure 7. GAmax, Maximum Available Gain 
versus Frequency 


7 

IP3 
(38RD ORDER 
INTERCEPT) 


es SS 
=e 
patty 
7 


out, OUTPUT POWER (dBm) 





-20 
Pin, INPUT POWER (dBm) 


-10 


Figure 9. 3rd Order intercept Point and 1.0 dB 
Compression Point 
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Table 1. Common Emitter S-Parameters 
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MOTOROLA 


= SEMICONDUCTOR Se 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistor 


.-. designed for amplifier, oscillator or frequency multiplier applications in I¢ = 400 mA 
industrial equipment. Suitable for use as a Class A, B or C output driver or SURFACE MOUNT 
pre-driver stages in VHF and UHF. HIGH-FREQUENCY 
¢ Low Cost SORF Plastic Surface Mount Package TRANSISTOR 


NPN SILICON 





e Guaranteed RF Specification — S942 
e S-Parameter Characterization 
e Tape and Reel Packaging Options Available 


MAXIMUM RATINGS 


Operating and Storage Junction 
Temperature Range 


@ 





CASE 751, STYLE 1 





THERMAL CHARACTERISTICS 


Total Device Dissipation @ Ty = 25°C 
Derate above 25°C 


Storage Temperature 


Thermal Resistance, Junction to Ambient 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Character |_‘Symbet | win | Wwe ax | Unt 
OFF CHARACTERISTICS 






Coleco Base Breakdown Vota (c= 700u) | Vipryoso | «0 | 
Ente Base Breakdown Voago (e= 10004) | Veanjeso | 35 _| 
Colecar Our curentVoe=20) Sisco | 
ico | — | 
ON CHARACTERISTICS 

[ B¢ Curent Gain o=somAVor=1E)_——SSSC«dtCi | 
Coleco nite Saran Votage lo = 100A e=T0mA) | Vorieay | _— | 
Base Enter SetratonVotage(ig= 00m p= 10m) | VBeteay | _— | 










SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(I¢ = 35 mA, VcgE = 15 V, f = 100 MHz) 
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ed es es 
Vea | a [en | 2 | ea | a ee | a 
, 59 





Table 1. Common Emitter S-Parameters 
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MOTOROLA 
= SEMICONDUCTOR 2x 
TECHNICAL DATA 


The RF Line MRF6401 
NPN Silicon 
RF Power Transistor 


The MRF6401 is designed for Class A common emitter, linear power 
amplifiers in the 1-2 GHz frequency range. It has been specifically designed for 0.5 W, 1-2 GHz 
use in Personal Communications Network (PCN) base station and INMARSAT RF LINEAR 
Standard M applications. The studless package version offers a good possibility POWER TRANSISTOR 
for surface mounting. 


e Specified 20 Volts, 1.66 GHz Characteristics: 


Output Power — 0.5 Watts 
Gain — 10 dB Min 

Class A Operation 

e Specified 20 Volts, 1.88 GHz Characteristics: 

Output Power — 0.5 Watts 
Gain — 9 dB Min 

Class A Operation 

CASE 305C, STYLE 1 


MAXIMUM RATINGS 








Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Operating Junction Temperature 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





Storage Temperature Range 
THERMAL CHARACTERISTICS 
a 
[Thermal Resistance, unciontoGase(t)———~SC~*~“~*~*~“~*~*~é~dtCiR WSCC SC*C | 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[haractesto | ‘Symbol | wn | te | wx | ont 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(I¢ = 10 mAde, Rp = 75 Q) 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.25 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 45 Vde 
(Ig = 1 mAdc) 


ON CHARACTERISTICS 
DC Current Gain hee 20 
(I¢ = 0.1 Ade, Vog = 5 Vdc) 
NOTE: (continued) 


1. Thermal resistance is determined under specified RF operating condition. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee Far we a rN af | 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 1.4 pF 
(Vos = 26 V, IE = 0, f = 1 MHz) 
FUNCTIONAL TESTS (Voc = 20 V, Icq = 80 mA) 


Common-Emitter Amplifier Power Gain 
(f = 1660 MHz, Poyt = 0.5 W) 
(f = 1880 MHz, Pout = 0.5 W) 


Load Mismatch 
(f = 1660 MHz, f = 1880 MHz, Poyt = 0.5 W, 


No Degradiation 
Load VSWR = 20:1, all phase angles at frequency of test) iPOute ewer 
Intermodulation Distortion 
(Pout = 0.5 W PEP, f1 = 1659.2 MHz, f2 = 1660 MHz) 
(Pout = 0.5 W PEP, f1 = 1879.2 MHz, f2 = 1880 MHz) 











RF 
RF ue OUTPUT 
INPUT 
TL3 
Ci 1.5 oF, ATC Chip Capacitor 100A R2 470 Q, Chip Resistor 0805 
C2 3.9 pF, ATC Chip Capacitor 100A R3 4.7 kQ, Chip Resistor 0805 
C3 56 pF, ATC Chip Capacitor 100A R4 8.2 kQ, Chip Resistor 0805 
C4, C6, C7,C9 15 nF, Chip Capacitor 0805 R5 5 kQ, SMD Potentiometer 
C5 47 pF, ATC Chip Capacitor 100A R6 680 ©, Chip Resistor 0805 
cs 4.7 uF, 35 V, Capacitor R7,R8 7.5 Q, Chip Resistor 0805 
C10 10 uF, 16 V, Capacitor Ti Transistor, BCV62 
cit 100 pF, ATC Chip Capacitor 100A 
TL1 to TL11 uStrip Lines; See Photomaster 
TP1 uStrip Taper; See Photomaster 
Figure 1. 1600—2000 MHz Broadband Application Amplifier Schematic 
MRF6401 MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 


ete et a 
7 (a a ae oe es et (a a a 
SR Sa RN a ae 
Pes er eed 


ca eae Gl ia aes Pa ae ed 
ie ed NP Ga Se 
a a a a 
Ea) Se aa GF aes 
ae ee 
el Fe ee es a f= 1880 MHz 


80 100 


Pout, OUTPUT POWER (mW) 





Pin, INPUT POWER (mW) 


Figure 2. Output Power versus Input Power 








5 g 
: A 
5 S| 
Qa Zz 
5 5 
a. 

5 nr 
2 2 
3 Voc = 20V = 
& I¢ = 80 mA 5 

f = 1880 MHz 
-ool__L || INVA A 
0 5 10 15 20 25 1500 1600 1700 1800 1900 2000 2100 
Pin, INPUT POWER (dBm) {, FREQUENCY (MHz) 
Figure 3. Third Order Intercept Figure 4. Performance in Broadband Test Fixture 
Table 1. Common Emitter S-Parameters 
Voc = 20 V, Ic = 80 mA Voc = 20 V, Ico = 50 mA 


POLAR S-PARAMETERS IN 50 Q SYSTEM POLAR S-PARAMETERS IN 50 Q SYSTEM 


wa bototetist etter | si | sor | Ste 


sit] 20 [Sa] 20 | Sit [zo | Bea | 20 reat | 20 [Se] 20] Brat [Zo | ea | 20 
} 45 | 0.649 


0.626 | -118 


MOTOROLA RF DEVICE DATA 


45 
34 
32 
35 
39 
4 


42 
45 
48 
48 


47 
47 
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50 mm 





TEFLON® GLASS 0.508 mm 2 sides 35 pm Cu 
SCALE 0.75:1 


Figure 5. PC Board Photomaster 





GND R45 RG 





Figure 6. Test Circuit Components View 
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MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line MRF6402 
NPN Silicon 
RF Power Transistor 


The MRF6402 is designed for 1.8 GHz Personal Communications Network 
(PCN) base stations applications. It incorporates high value emitter ballast 4.5 W, 1.88 GHz 
resistors, gold metallizations and offers a high degree of reliability and RF POWER TRANSISTOR 
ruggedness. For ease of design, this transistor has an internally matched input. NPN SILICON 
e To be used in Class AB for PCN and Cellular Radio Applications 
e Specified 26 V, 1.88 GHz Characteristics 

Output Power — 4.5 Watts 
Gain — 10 dB Typ 
Efficiency — 45% Typ 





























CASE 319, STYLE 2 





MAXIMUM RATINGS 













= 
[Colesorsasevotage SS SSSCSC~sC TCC 
[eniersesevotmgs dso || 
[Coleorcurent—Coninows CPT 
Total Device Dissipation @ Tc = 25°C Watts 

[ Speraingstncion Tempers SSSCSC~iSCi PSCC 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (1) Resc [= 1 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


ee ee 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 
(Ic = 10 mA, Ree = 75 Q) 

Emitter-Base Breakdown Voitage V(BR)EBO 
(IE = 5 mAdc) 

Collector-Base Breakdown Voltage V(BR)CBO 40 Vde 
(Ic = 10 mAdc) 

Collector-Emitter Leakage ICER mA 
(VCE = 26 V, Ree = 75 Q) 


NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a 


ON CHARACTERISTICS 


DC Current Gain 
(Ii¢ = 0.1 Ade, Vog = 20 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance Cob pF 
(Vcp = 26 V, Ie = 0, f= 1 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 26 V, Pout = 4 W, Icq = 40 mA, f = 1.88 GHz) 
Collector Efficiency n % 
(Voc = 26 V, Pout = 4 W, f = 1.88 GHz) 
Y 


Load Mismatch 
(Voc = 26 V, Pout = 4.5 W, ICQ = 40 mA, f = 1.88 GHz, No Degradation in Output Power 
Load VSWR = 3:1, All Phase Angles at Frequency of Test) 


























































































































Zo.*: Conjugate of optimum load impedance 
into which the device operates ata 
given output power, voltage, current 
and frequency. 


6.5 +j10 2.9 +j1.8 
| 1.90. | 6.8 +j9.1 294j1.4 
| 1.95 | \ 3.1 4j0.9 


Figure 1. Input and Output Impedances with Circuit Tuned for Maximum Gain 
@ VcE = 26 V, Icq = 40 mA, Pout = 4.5 W 


Zou" 

(Q) 
5.9 +/9.2 
6.2+)9.6 2.9 +j23 


7.3 +]8.1 
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TYPICAL CHARACTERISTICS 


veav | | | | 
peta | 











Es fp = 1.8801 GHz a aa 
= s 3rd Order 
: : ae (el a 
= Z 
od a 
: pio Ler 
S 3 — eee 
g Z 
2 E 
a 2 
0 
0 0.1 0.2 0.3 0.4 0.5 0.6 
Pin, Input Power (Watts) Pout, Output Power (Watts) PEP 
Figure 2. Typical Output Power Figure 3. IMD versus Output Power 
versus Input Power 
PF Input 

C1,C2 1 to 5 pF, Trimmer Capacitor, Johanson Li 2 Turns, Wire 0.5 mm, ID 2mm 

C3,C4 100A, 68 pF, Chip Capacitor, ATC L2 Ferrite Bead, SMD Fair-Rite 

C5, C6 100A, 82 pF, Chip Capacitor, ATC Pi 10 kQ, Trimmer 

C7,C8  15nF, Chip Capacitor, 0805 Ri 2.2. Q, Chip Resistor, 0805 

C9,C10 330 pF, Chip Capacitor, 0805 R2 56 Q, Chip Resistor, 1206 

ci 4.7 uF, 35 V, Capacitor R383 —s-1.2 kQ, 1/4 W, 5%, Resistor 

D1,D2 Diode, 1N4148 R4 = 100 Q, 3 W, Power Resistor 

T Transistor, BD135 
Figure 4. 1.80-—1.88 GHz Test Circuit Electrical Schematic 
MOTOROLA RF DEVICE DATA MRF6402 
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Teflon Giass® 0.5 mm— Double Side 35 amu, SCALE 0.75:1 


Figure 5. Photomaster 


C10 


RF Output 





Figure 6. Test Circuit Components View and Parts List 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line MRF6403 
NPN Silicon 
RF Power Transistor 


The MRF6403 is designed for 1.8 GHz Personal Communications Network 
(PCN) base station applications. It incorporates high value emitter ballast 25 W, 1.88 GHz 
resistors, gold metallizations and offers a high degree of reliability and RF POWER TRANSISTOR 
ruggedness. NPN SILICON 
e To be used in Class AB for PCN and Cellular Radio 


e Specified 26 Volts, 1.88 GHz Characteristics 
Output Power — 25 Watts 
Gain — 6.5 dB Typ 
Efficiency — 43% Typ 








MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voitage 
Emitter-Base Voltage 
Collector-Current — Continuous 


| 
Total Device Dissipation @ Tc = 25°C | 
Derate above 25°C | 


Storage Temperature Range °C 


THERMAL CHARACTERISTICS 


J Characteristic | Symbol [Max [Unit 
Thermal Resistance, Junction to Case (1) ReJc a eae ea 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characteristic «| <Smbol | win | Typ | Mex [nit 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CER 40 Vde 
(I¢ = 10 mA, RBE = 75 Q) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 5 mAdc) 





Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ig = 10 mAdc) 
Collector-Emitter Leakage ICER mA 
(VCE = 26 V, RBE = 75 Q) 
NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee eee NN oa 


ON CHARACTERISTICS 


[00 Gurenican(o=ozmevoc=avey «dT we | ® [| — | = | — | 


DYNAMIC CHARACTERISTICS 
Oui Capastance cach sie) Vou=zeVE=OT=TWRA [Oe | - | * | = | * 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 26 V, Pout = 25 W, icq = 200 mA, f = 1.88 GHz) 


(GHz) (Q) (Q) 
[805 [207+ )58 | 98177 
i045 [o15ei4| 02si7 


ZoL"*: conjugate of optimum load 
impedance into which the device 
operates at a given output power, 
voltage, current and frequency. 


g 
3 
3 





















































Figure 1. Series Equivalent Input and Output impedances 


TYPICAL CHARACTERISTICS 


Pout, OUTPUT POWER (WATTS) 





Pip» INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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TEFLON® GLASS 0.5 mm— DOUBLE SIDE 35 pm Cu. SCALE O75: 


Figure 3. Photomaster 








SCALE 0.75:1 
Figure 4. Components View 
C1 to C8 68 pF, ATC Chip Capacitor 100A 
C9 to C12 330 pF, Chip Capacitor 0805 
C13 to C16 4.7 uF, 35 V, Capacitor 
C20 1.3 pF, ATC Chip Capacitor 100A 
C21 to C23 1 pF, ATC Chip Capacitor 100A 
C24 0.5 pF, ATC Chip Capacitor 100A 
Ri, R2 56 Q, Chip Resistor 1206 
R3, R4 2.2 Q, Chip Resistor 0805 
Coax 1,Coax2 50 Coaxial, |= 27mm 
MOTOROLA RF DEVICE DATA MRF6403 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line MRF6404 
NPN Silicon 
RF Power Transistor 


The MRF6404 is designed for 1.8 GHz Personal Communications Network 


(PCN) base station applications. It incorporates high value emitter ballast 30 W, 1.88 GHz 
resistors, gold metallizations and offers a high degree of reliability and RF POWER TRANSISTOR 
ruggedness. NPN SILICON 


e To be used in Class AB for PCN and Cellular Radio 
e Specified 26 V, 1.88 GHz Characteristics 

Output Power — 30 Watts 

Gain — 9 dB Typ 

Efficiency — 43% Typ 













MAXIMUM RATINGS 





Rating 


a 
THERMAL CHARACTERISTICS 
Synbot [Mex =i 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Characteristic «Symbol | win | Wwe [Max [Unt 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 50 mA, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ile = 10 mAde) 


Collector-Base Breakdown Voltage V(BR)CES Vde 
(Ic = 50 mAdc) 

Collector Cutoff Current ICES 
(VCE = 80 V, VBE = 0) 


NOTE: ; (continued) 
1. Thermal resistance is determined under specified RF operating condition. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Characeriti [Symbol [Win [ewe [Unt 


ON CHARACTERISTICS 


DC Current Gain hee 
(Ic = 1 Ade, VcE = 5 Vde) 


DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 
(Vop = 26 V, IE = 0, f = 1 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Vcc = 28 V, Pout = 30 W, Ioq = 150 mA, f = 1.88 GHz) 


Collector Efficiency 


(Voc = 26 V, Pout = 30 W, f= 1.88 GHz) 


Load Mismatch 
(Voc = 26 V, Pout = 30 W, Ioq = 150 mA, f = 1.88 GHz, No Degradation in Output Power 
Load VSWR = 3:1, All Phase Angles at Frequency of Test) 





f= 1.8 GHz 
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Zo_*: Conjugate of optimum load impedance 
into which the device operates at a 
given output power, voltage, current 
and frequency. 








Figure 1. Input and Output Impedances with Circuit Tuned for Maximum Gain 
@ Vcc = 26 V, Icq = 0.15 A, Pout = 30 W 
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Pout» OUTPUT POWER (WATTS) 


IMD, INTERMODULATION DISTORTION (dBc) 


MRF6404 
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Iva 
AMEE 


TYPICAL CHARACTERISTICS 





Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 


f= 1.88 & 1.8801 GHz 





1 20 


Pout, OUTPUT POWER (WATTS) PEP 


Figure 4. Intermodulation versus Output Power 


Pout: OUTPUT POWER (WATTS) 


PHASE (DEGREE) 





f, FREQUENCY (GHz) 
Figure 3. Output Power versus Frequency 
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Pout OUTPUT POWER (WATTS) 


Figure 5. AM/PM Conversion 


MOTOROLA RF DEVICE DATA 








? ue © vpg “oe 
ai S C13 
a. | = | = 
| el | 
c7 | | | n 
T | C14 C15 | 
[ | il i; | ci2 
C6 = + + Tt 
db L Base Bias Circuit | cH 
C5 aR SSS S— og 
Ts 
: 
Ni [2 2 
= N 
C4 
Cc I calla faa para 
2,0 O 
zpl-elce {mer Fo) | zse6_-o{_ze7_}o-[ zee fo{ziverofo 
RE Input RF Output 
o a cg PF Circuit 
C1,C5,C10,C11 68 pF, Chip Capacitor, ATC 100A All Electrical Lengths Are Referenced from Ag @ F = 1.9 GHz 
C2, C9 Trimmer Capacitor, Gigatrim Z1:50Q ©1:10° 
C3, C4 1.3 pF, Chip Capacitor, ATC 100A Z2:50Q 0©2:74.5° OB: 16.5° 
C6, C12 330 pF, Chip Capacitor, Vitramon Z4:74Q ©4:68° 
C7, C14, C15 15 nF, Chip Capacitor, Vitramon 25:12.8Q ©5:21° 
cs 10 \F, 63 V, Electrolytic Capacitor Z6:10.4.Q 6: 49.5° 
C13 4.7 uF, 63 V, Electrolytic Capacitor 27:18Q ©7:36.5° 
ui Ferrite Bead SMD Fair-Rite Z8:45Q ©8:20° 
Pi 1 KQ, Trimmer Z10:50Q ©10: 10° 
Ri 2.2 Q, Chip Resistor, 0805 Z11:74Q 011: 74.5° 
R2 56 Q, Chip Resistor, 1206 Z12:50Q 012: 10° 
R3 47 Q, Chip Resistor, 0805 
R4 330 Q, Chip Resistor, 0805 
T1,72 Motorola MJD 31C 
Board €r = 2.55, H = 0.508 mm, T = 0.0385 mm 
Figure 6. 1.8-—1.88 GHz Test Circuit Electrical Schematic 
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(Not to Scale) 
Teflon® Glass 0.5 mm - Double Side 36 jum Cu. 


Figure 8. Photomaster 


PF Input RF Output 





Figure 9. Components Layout 





MRF6404 MOTOROLA RF DEVICE DATA 
2-668 


MOTOROLA 
= SEMICONDUCTOR 2 
TECHNICAL DATA 


The RF Line MRF6406 
NPN Silicon 
RF Power Transistor 


The MRF6406 is designed for 1.88 GHz Personal Communications Network 
(PCN) base station applications. For ease of design, this transistor has an 12 W, 1.88 GHz 
internally matched input. RF POWER TRANSISTOR 
¢ Specified 26 V, 1.88 GHz Characteristics NPN SILICON 

Output Power — 12 Watts 
Gain — 7.5 dB Typ @ 1.88 GHz, Class AB 
Efficiency — 43% Typ @ 1.88 GHz, 12 Watts 
¢ Characterized with Series Equivalent Large-Signal Parameters from 
1.75-1.9 GHz 
e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Silicon Nitride Passivated 

















MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Collector-Current — Continuous | ic | 





Ic 
Quiescent Current (without RF drive) Ica a 
Storage Temperature Range —65 to +150 
Operating Junction Temperature | wt [ 200 | °C 


THERMAL CHARACTERISTICS 


Symbol [___wax___[_unit_| 
Thermal Resistance, Junction to Case (1) CW 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[haracterito | Symbot_[ in [typ [Max [Unt 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CER 40 Vde 
(I¢ = 10 mAdc, Rpg = 75 Q) 
Collector-Base Breakdown Voltage V(BR)EBO 3.5 Vdc 
(IE = 10 mAdc, Ic = 0) 
Emitter-Base Breakdown Voltage V(BR)CBO Vde 
(Ig = 5 mAde, IE = 0) 
Collector-Emitter Leakage Current IcCER 5 
(VCE = 26 Vdc, Rpg = 75 Q) 
NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee 


ON CHARACTERISTICS 


DC Current Gain 
(ICE = 200 mAdc, VcE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 17 pF 
(Vc = 26 Vac, IE = 0, f = 1 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 26 Vdc, Pout = 12 W, Icq = 100 mA, f = 1.88 GHz) 


Collector Efficiency 


(VCE = 26 Vde, Pout = 12 W, Icq = 100 mA, f = 1.88 GHz) 


Load Mismatch 
(VCE = 26 Vde, Pout = 12 W, Icq = 100 mA, f = 1.88 GHz, No Degradation in Output Power 
Load VSWR = 3:1, All Phase Angles at Frequency of Test) 








PF Input 
cg 


C1 0.5 pF, Chip Capacitor, ATC 100A D1, D2 Diode, 1N4148 

C2, C3 1.2 pF, Chip Capacitor, ATC 100A L1 2 Turns, Wire Dia. 0.5 mm, ID 2mm 
C4, C30 1.5/5 pF, Trimmer Capacitor, Johanson L2 Ferrite Bead, SMD Fair Rite 

C5, C6 68 pF, Chip Capacitor, ATC 100A Pi 10 kQ, Trimmer Resistor 

C7, C8 0.1 pF, Chip Capacitor, ATC 100A R2 56 Q, Chip Resistor, 1206 

C9, C10 82 pF, Chip Capacitor, ATC 100A R3 1.2 kQ, 1/4 W, 5%, Resistor 
C11,C15 = 15nF, Chip Capacitor, 0805 R4 100 Q, 3 W, Resistor 

C12,C16 330 pF, Chip Capacitor, 0805 R5 2.2 Q, Chip Resistor, 1206 

C13 4.7 uF, 35 V, Capacitor 1 Transistor, BD135 


Figure 1. 1.80-—1.88 GHz Test Circuit Electrical Schematic 
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f= 1.75 GHz 
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1.9 
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STANCE COMPONENT(L), OR CONDUCTANCE coMPoNRNT( 4) 
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= 1.75 GHz 








































ZoL": Conjugate of optimum load impedance 
into which the device operates at a 
given output power, voltage, current 
and frequency. 


es+ies | 19-28 | 
1.75 = [2 
7.5 +)2.1 17-713 


Figure 2. Input and Output Impedances with Circuit Tuned for Maximum Gain 
@ Vcc = 26 V, Icq = 100 mA, Poyt = 12 W 


f Zin ZoL* 
(GHz) (Q) (Q) 


TYPICAL CHARACTERISTICS 














S VoE=26V 
a z fy = 1.88 
E = fo = 1.8801 GHz 
= e 
E 3 
5 3 
a = 
5 5 
Qa D2 
a 
3 2 
ie is 
Voc =26V 2 
Icq=100mA —; § 
Pin, INPUT POWER (WATTS) Pout, OUTPUT POWER (WATTS) PEP 
Figure 3. Output Power versus Input Power Figure 4. IMD versus Output Power 
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TYPICAL CHARACTERISTICS 


Voc = 26V 
Ioq = 150 mA 


Pout OUTPUT POWER (WATTS) 





f, FREQUENCY (GHz) 


Figure 5. Output Power versus Frequency 
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SCALE 0.75:1 
Teflon® Glass 0.5 mm — Double Side 35 jm Cu. 


Figure 6. Photomaster 





Figure 7. Components Layout 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistor 


. .. designed primarily for wideband large signal predriver stages in 800 MHz 





and UHF frequency ranges. Peicetutalislty bets Y 

¢ Specified @ 12.5 V, 870 MHz Characteristics TRANSISTOR 
Output Power = 750 mW NPN SILICON 
Common Emitter Power Gain = 10 dB (Typ) 


Efficiency 60% (Typ) 
e Low Cost SORF Plastic Surface Mounted Package 
e State-of-the-Art Technology 

Fine Line Geometry 

Gold Top Metal and Wires 

Silicon Nitride Passivated 


lon Implanted Arsenic Emitters & 





CASE 751, STYLE 1 
SORF 


MAXIMUM RATINGS 








Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ To = 90°C (1) 
Derate above 90°C 


Total Device Dissipation @ Ta = 25°C (2) 1.0 Watts 
Derate above 25°C 8.0 mWw/c 
Operating Junction and Storage Temperature Range TJ Tstg ~65 to +150 


THERMAL CHARACTERISTICS 









Thermal Resistance, Junction to Case Reuc a ee ee 





Thermal Resistance, Junction to Ambient ReJA a ee ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characteristic «Symbol | win | > [wor [Unt 


OFF CHARACTERISTICS 


Coleco Enitr Breakdown Vola (G=S0mAGGIB=0 | WeRjoco |e [ — | — [| va 
Collector-Emitter Breakdown Voltage (Ic = 5.0 mAdc, Vpg = 0) | veryces | 36 | — | — | Vde 

FEniter se Breakdown Votape (= 01 mate Io=0 | Verjeso |_«0| — | — | vee | 

Collector Cutoff Current (Vc = 15 Vde, VBE = 0, Tc = 25°C) | ices | — [| — | of | 

















NOTE: (continued) 
1. Case Temperature is measured on the collector lead where it first contacts the printed circuit board closest to the package. 
2. Free air. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


PR ne es NS | re fe | 


ON CHARACTERISTICS 


[DC Curent Gan (o=50 made Vora Tova Sid Ce TT | | (id 


DYNAMIC CHARACTERISTICS 
[ OuputCapactance Wop 16 Vac ie=otatowia [Ge | — 78 | | | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain Figures 1,3 
(Voc = 12.5 Vde, Pout = 0.75 W, f = 870 MHz) 


Collector Efficiency Figures 1,3 
(Voc = 12.5 Vdc, Pout = 0.75 W, f = 870 MHz) 
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C1, C5 — 0.8—8.0 pF Johanson Gigatrim 
C2, C3 — 10 pF Ceramic Chip Capacitor 

C6 — 91 pF Clamped Mica, Mini-Underwood 
C4 — 47 pF Ceramic Chip Capacitor 

C7 — 91 pF Clamped Mica, Mini-Underwood 
C8 — 1.0 pF 25 V Tantalum 

B — Bead, Ferroxcube 56-590-65/3B 


L1, L2 — 4 Turns, #21 AWG, 5/32” ID 

L3 — 7 Turns, #21 AWG, 5/32” ID 

Z1, Z2 — 1” x 0.078” Microstrip, Zp = 50 Ohms 
Z3 — 0.25” x 0.078” Microstrip, Zp = 50 Ohms 

Z4 — 0.15” x 0.078” Microstrip, Zp = 50 Ohms 

Z5 — 0.30” x 0.078” Microstrip, Zg = 50 Ohms 

Z6 — 1.63” x 0.078” Microstrip, Zp = 50 Ohms 

PCB — 1/32” Glass Teflon, er = 2.56 


Figure 1. 800-900 MHz Broadband Circuit 


800/900 MHz BAND DATA 


Gpe, GAIN (dB) 


{, FREQUENCY (MHz) 





Pout = 750 mW 
Voc = 12.5 Vde 


tc, COLLECTOR 


RETURN LOSS (dB) EFFICIENCY (%) 


IRL, INPUT 


Figure 2. Typical Broadband Performance 





MOTOROLA RF DEVICE DATA 














Figure 3. 800-900 Broadband Circuit 





SCALE 0.75:1 


Figure 4. 800-900 MHz Broadband Circuit Photomaster 


ZoL* 
Ohms 


Voc =7.5V a eee Voc =12.5V Vec=7.5V | Voc = 12.5V 
1 806 MHz = 820 mW | | Pout = 806 MHz = 1.05 mw 
fue) Pout = 870 MHz = 635 mW | | Poyt = 870 MHz = 855 mW 
MHz Pout = 960 MHz = 530 mW | | Poyt = 960 MHz = 580 mW 
8.0+j1.9 24.7 -j19.2 20.9 -j31.0 
870 5.24+j3.5 0 +51. 36.9 — j20.5 32.1 —j26.6 
960 6.8 + j4.0 1 + j2. 39.3 -j18.5 36.3 —j25.7 


Zo." = Conjugate of the optimum load impedance into which the device output operates at a given output power, voltage, and frequency. 





























Table 1. Series Equivalent Input/Output Impedance 
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Pout OUTPUT POWER (mW) 





ra Se a a 
Pins INPUT POWER (mW) 


Figure 6. Output Power versus Input Power 
f = 870 MHz 


Pout, OUTPUT POWER (mW) 





= 
et ae a 


Voc: wie soa (Vde) 


Figure 8. Output Power versus Collector Voltage 
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Pout, OUTPUT POWER (mW) 





{, FREQUENCY (MHz) 


Figure 7. Output Power versus Frequency 
Voc = 7.5 Vde 


Pout OUTPUT POWER (mW) 





0 
800 820 640 86 
f, eee fas 


Figure 9. Output Power versus Frequency 


MOTOROLA RF DEVICE DATA 


MOTOROLA 


m= SEMICONDUCTOR So 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistor 


... designed primarily for use in low power amplifiers to 1.0 GHz. Ideal for Ig = 1.0 mA 

pagers and other battery operated systems where low power consumption is SURFACE MOUNTED 

critical. HIGH-FREQUENCY 
i i = TRANSISTOR 

e Low Power Consumption Characterized for IE = 0.1 to 1.0 mA NEN SILICON 











e High Current-Gain — Bandwidth Product — 
ff = 5.0 GHz (Typ) @ Ic = 1.0 mAdce 

e Low Noise Figure and High Power Gain @ f = 1.0 GHz — 
NF(matched) = 2.5 dB (Typ) 
GNF(matched) = 12.5 dB (Typ) 





e Guaranteed RF Parameters 

e Surface Mounted SOT-143 Offers Improved RF Performance 
Lower Package Parasitics 
High Gain 


CASE 318A, STYLE 1 
SOT-143 
LOW PROFILE 





MAXIMUM RATINGS 





THERMAL CHARACTERISTICS 


PC Charactrintio—SSSC* Combo 
Thermal Resistance, Junction to Ambient RoJA = ae °C/W 


DEVICE MARKING 


MRF9331LT1 = 05 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





ee 
OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage (Ic = 0.01 mAdc, IE = 0) V(BR)CBO 


Emitter-Base Leakage Current (Vgp = 2.0 Vde, Ic = 0) | lEBO | 








(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


Characterete [Symbot [Min [Wwe [wax [Unk] 


ON CHARACTERISTICS 


DC Current Gain 
(Ic = 0.5 mAdc, VcE = 1.0 Vdc) 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product Figure 2 


(Ic = 1.0 mAdc, VcE = 1.0 Vde, f = 1.0 GHz) 
Collector-Base Capacitance Figure 1 
(Vcp = 1.0 Vde, IE = 0, f= 1.0 MHz) 
FUNCTIONAL TESTS 


Power Gain at Minimum Noise Figure Figures 3, 5 
(VCE = 1.0 Vdc, Ic = 0.5 mA, f = 1.0 GHz) 


Noise Figure Figures 3, 5 
(VCE = 1.0 Vde, Ic = 0.5 mA, f = 1.0 GHz) 





ia Ba 
a: 


2) =50 OHMS 


Cob, COLLECTOR-BASE CAPACITANCE (pF) 





2 04 06 08 12 14 #16 18 
Vop, COLLECTOR-BASE VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (mA) 
Figure 1. Collector-Base Capacitance Figure 2. Current Gain-Bandwidth Product 
versus Collector-Base Voltage versus Collector Current 


Vce=1Vde — *MICROLAB HW-XXN 
‘i (XX IS SELECTED 
BE PER FREQUENCY RANGE 
OF INTEREST) 





= “*MICROLAB/FXR 
SF-31N 


Figure 3. Functional Circuit Schematic 
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Voce = 1 Vde | | | 
I¢=0.5 mA ia es 


GF. GAIN (dB) 
NE, NOISE FIGURE (dB) 
GNF. GAIN (dB) 

NE, NOISE FIGURE (4B) 





0 02 04 06 O8 1 12 14 #16 #18 2 


f, FREQUENCY (GHz) Ic, COLLECTOR CURRENT (mA) 
Figure 4. Gain and Noise Figure Figure 5. Gain and Noise Figure 
versus Frequency versus Collector Current 





Cs 
NEEL ica Hit 
aa Hl 


GUmax. MAXIMUM UNILATERAL GAIN (dB) 








f FREQUENCY (GHz) 


Figure 6. Maximum Unilateral Gain 
versus Frequency 





(continued) 


Table 1. Common Emitter S-Parameters 
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Table 1. Common Emitter S-Parameters (continued) 
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MOTOROLA 
m= SEMICONDUCTOR Se 
TECHNICAL DATA 


The RF Line MRF10005 
Microwave Power Transistor 


... designed for CW and long pulsed common base amplifier applications, 
such as JTIDS and Mode §, in the 0.96 to 1.215 GHz frequency range at high 


overall duty cycles. 5.0 W, 960-1215 MHz 
e Guaranteed Performance @ 1.215 GHz, 28 Vdc MICROWAVE POWER 
Output Power = 5.0 Watts CW TRANSISTOR 


Minimum Gain = 8.5 dB, 10.3 dB (Typ) NPN SILICON 
e RF Performance Curves given for 28 Vdc and 36 Vdc Operation 
e 100% Tested for Load Mismatch at Ail Phase Angles with 10:1 VSWR 
e Hermetically Sealed Industry Standard Package 
e Silicon Nitride Passivated 
e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 
e internal Input Matching for Broadband Operation 








MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous (1) 


i 

4 

| 

| 

Total Device Dissipation @ Ta = 25°C (1) i 
Derate above 25°C | 
i 

i 

{ 

fi 


Storage Temperature Range 





THERMAL CHARACTERISTICS 


harass ~*d;CS bl] 
Thermal Resistance, Junction to Case (2) cw 


NOTES: 
1. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as RF amplifiers. 
2. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characters | Sembol | in] [Mex [Umm 
OFF CHARACTERISTICS 

[Golecoemiterreakion Wap lg zBnAGeVaE=@) [Verges | [_— [= [= _] 
Collector-Base Breakdown Voltage (Ic = 25 mAde, IE = 0) ee ee ee 
Emitter-Base Breakdown Voltage (IE = 0.5 mAdc, Ic = 0) | Vereso | 35 | — | — | vac | 
[Gotesor cok Curent Voa=28veE1e= | _towo | — | — | 10 | mae 


ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


Output Capacitance (Vcp = 28 Vdc, IE = 0, f = 1.0 MHz) Cob Fo — | 7o [ 10 | pF 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Voc = 28 Vde, Pout = 5.0 W, f = 1215 MHz) 


Collector Efficiency n 
(Voc = 28 Vdc, Poyt = 5.0 W, f = 1215 MHz) 


Load Mismatch 
(Voc = 28 Vde, Pout = 5.0 W, f = 1215 MHz, 
VSWR = 10:1 All Phase Angies) 
































RF 
OUTPUT 
Ci, C2, C3 — 220 pF 100 mil Chip Capacitor Z1-—Z10 — Microstrip, see details below 
C4 — 0.1 pF Board Material — 0.030” Glass Teflon, 
C5 — 47 F/50 V Electrolytic 2.0 oz. Copper, er = 2.55 
L1 —3 turn #18 AWG, 1/8” ID, 0.18” Long 
0.20 
Figure 1. Test Circuit 
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Cie i ae So 
Be a ee 
Ea a ee Ce 
i a a ae ee 








Pp, OUTPUT POWER (WATTS) 
“= © © kU OD 1 @ © 
Po, OUTPUT POWER (WATTS) 





0 O41 02 03 04 O85 O06 O07 O08 089 : 0 O41 02 O38 04 O05 O06 O07 08 O09 
Pin, INPUT POWER (WATTS) Pin, INPUT POWER (WATTS) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Input Power 





PouT=5W Vcc = 28V 

f Zin Zou* 

MHz OHMS OHMS 
960) 65 +85 )74 — {189 
1025 | 10.0 + 7.0 | 7.2 — j17.4 
1090 | 11.2 + j49 | 7.1 — j163 
CH faa aae: 1150 | 108 + j2.0 | 7.15 — j143 
ara testis [a tei bart ee lgii! 1215| 7.8 + j0.0 | 7.8 — j11.2 

OT hewcenoucrance covepnncle) | | seeere ZoL* = Conjugate of the optimum 
; , load impedance into which the device 

operates at a given output power, 

voltage and frequency. 


























Figure 4. Series Equivalent Input/Output Impedances 
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Figure 5. Test Amplifier 


MRF10005 


1215 MHZ 





SCALE 0.75:1 


Figure 6. Printed Circuit Board Layout 
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MOTOROLA 
= SEMICONDUCTOR Ss 


TECHNICAL DATA 

The RF Line 

Microwave Long Pulse 
Power Transistor 


Designed for 960-1215 MHz long or short pulse common base amplifier 30 W (PEAK) 
applications such as JTIDS and Mode-S transmitters. 960-1215 MHz 
e Guaranteed Performance @ 960 MHz, 36 Vdc Seer och 
Output Power = 30 Watts Peak NPN SILICON 
Minimum Gain = 9.0 dB Min (9.5 dB Typ) 





e 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
e Hermetically Sealed Industry Standard Package 
e Silicon Nitride Passivated 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 
e Internal Input Matching for Broadband Operation 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage (1) 
Emitter-Base Voltage 

Collector Current — Continuous (1) 


Total Device Dissipation @ Tc = 25°C (1), (2) 
Derate above 25°C. 


Storage Temperature Range 





THERMAL CHARACTERISTICS 


Junction Temperature a ae 


NOTES: 
1. Under pulse RF operating conditions. 
2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 








amplifiers. 
3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case 6jc value 
measured @ 23% duty cycle) 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


ee eee Os ee 
OFF CHARACTERISTICS 
Pie ee eee ee ee 





Collector-Emitter Breakdown Voltage (Ic = 25 mAdc, VBE = 0) 


Collector-Base Breakdown Voltage (Ic = 25 mAdc, IE = 0) V(BR)CBO a ee 


Emitter-Base Breakdown Voltage (IE = 5.0 mAdc, Ic = 0) V(BR)EBO } 35 | ude 


Collector Cutoff Current (Vop = 36 Vde, IE = 0) | icpo | — | 


ON CHARACTERISTICS 


FUNCTIONAL TESTS (10 us Pulses @ 50% duty cycle for 3.5 ms; overall duty cycle — 25%) 
Common-Base Amplifier Power Gain 
(Vcc = 36 Ve, Pout = 30 W Peak, f = 960 MHz) 
Collector Efficiency 
(Vcc = 36 Vde, Poyt = 30 W Peak, f = 960 MHz) 


Load Mismatch No Degradation in Output Power 
(Vcc = 36 Vde, Poyt = 30 W Peak, f = 960 MHz, 
VSWR = 10:1.All Phase Angles) 



















RF INPUT 


C1 — 75 pF 100 Mil Chip Capacitor Z1-Z9 — Microstrip, See Details 

C2 — 39 pF 100 Mil Chip Capacitor Board Material — Teflon, Glass Laminate 
C3 — 0.1 WF Dielectric Thickness = 0.030” 

C4 — 1000 uF, 50 Vde, Electrolytic &r = 2.55, 2 Oz. Copper 


Li — 3 Turns #18 AWG, 1/8” ID, 0.18 Long 


j<— 1.020 ——>| 
BROADBAND FIXTURE —>|.218}—— 





Figure 1. Test Circuit 
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Poyr, OUTPUT POWER (WATTS) 


RESISTAN 


MOTOROLA RF DEVICE DATA 


Pt OAT vec = 26 vorrs | 
Be aa ee ee 





4° 65 6 7 8 9 10 


Py, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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f = 960 MHz a 













































































g 
Pout=30W Pk Voc =36V 
| ime | 
Ohms 
Paarsieae | 286-19 | 
A_| 252-09 | 


0 
[is | asen2 | 20-08 | 
[iar _[ 25-3 | 


Zo." = Conjugate of the optimum load imped- 
ance into which the device operates at a giv- 
en output power, voltage, and frequency. 





Figure 3. Series Equivalent Input/Output Impedances 


MRF10031 
2-687 

















MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line MRF10070 
Microwave Pulse 
Power Transistor 


Designed for 1025-1150 MHz pulse common base amplifier applications 70 W (PEAK) 
such as TCAS, TACAN and Mode-S transmitters. 1025 -1150 MHz 
¢ Guaranteed Performance @ 1090 MHz er oaetoneT 
Output Power = 70 Watts Peak NPN pres ON 
Gain = 9.0 dB Min 





e 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 
e Characterized with 10 1s, 10% Duty Cycle Pulses 
e Silicon Nitride Passivated 


¢ Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 


e Internal Input and Output Matching 
e Hermetically Sealed Package 


e Recommended Driver for MRF10500 Transistor or a Pair of MRF10350 
Transistors 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Peak (1) 


Total Device Dissipation @ Tc = 25°C (1), (2) 
Derate above 25°C. 


Storage Temperature Range 





THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case (3) Rec | 4 °C 


NOTES: 
1. Under pulse RF operating conditions. 
2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 
3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case ®yc value 
measured @ 10 us, 10%.) 





MRF10070 MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[harass «Symbol (|i [te [enum 
OFF CHARACTERISTICS 
Tvences] & [ — | - | | 


Collector-Emitter Breakdown Voltage (Ic = 60 mAdc, VBE = 0) 


Collector-Base Breakdown Voltage (I¢ = 60 mAde, IE = 0) verso | «= | — [ — | vdeo | 
Emitter-Base Breakdown Voltage (IE = 10 mAdc, Ic = 0) V(BR)EBO | 35 | — | ~— | vac | 







ON CHARACTERISTICS 
[ Be curentGanio=80Ad voe=sovey «dt swe | ® | - | - | — 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Voc = 50 Vde, Pout = 70 W Peak, f = 1090 MHz) 


Collector Efficiency 
(Vcc = 50 Vde, Pout = 70 W Peak, f = 1090 MHz) 


Load Mismatch No Degradation in Output Power 
(Voc = 50 Vde, Pout = 70 W Peak, f = 1090 MHz, Before or After Test 
Load VSWR = 10:1 All Phase Angles) 





C1 — 82 pF 100 mil Chip Capacitor Z1 —Z13 — Microstrip, see details below 
C2 — 82 pF 100 mil Chip Capacitor Board Material — 0.030” Glass Teflon®; 2 oz. 
C3 — 0.1 uF Cu clad; both sides; €; = 2.55 


C4 — 100 pF/100 Vde Electrolytic 
L1—3turns #18 AWG, 1/8” ID, 0.18” Long 








Figure 1. Test Circuit 
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Pout OUTPUT POWER (WATTS) 





Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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1025 
Zo = 10.2 | 
a L Z0L" 
a fares [st rs Tersy 
‘OMPONE! NTC), 98 CONDUCTANCE COM (=) { 1050 
1125 4090 
t= 1150 MHz 


of 


Pout=70WPk Voc =50V 


ZIN- | Zox* Zout) 
OHMS OHMS 
3.3 + 5.8 14.3 + j5.6 
; : Zo’ is the conjugate of the optimum load 
Shr ie 882110 impedance into which the device operates at a 
4.0+/j6.9 | 113-j21 | given output power voltage and frequency. 
1125 4.5 +j6.9 10.4 -j2.5 
50+j69| 102-26 


Figure 3. Series Equivalent Input/Output Impedances 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
Microwave Long Pulse 
Power Transistor 


... designed for 960-1215 MHz long pulse common base amplifier applica- 


tions such as JTIDS and Mode S transmitters. 120 W (PEAK), 9601215 MHz 
MICROWAVE POWER 
e Guaranteed Performance @ 1.215 GHz, 36 Vdc TRANSISTOR 


Output Power = 120 Watts Peak NPN SILICON 
Gain = 8.0 dB Min., 9.2 dB (Typ) 


¢ 100% Tested for Load Mismatch at All Phase Angles with 3:1 VSWR 

e Hermetically Sealed Industry Standard Package 

e Silicon Nitride Passivated 

e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 


Migration 
e Internal Input and Output Matching for Broadband Operation es 


CASE 355C, STYLE 1 








MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1), (2) 
Derate above 25°C 





THERMAL CHARACTERISTICS 


a 
Thermal Resistance, Junction to Case (3) Rosc 0.46 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


a 
OFF CHARACTERISTICS 
ion 


NOTES: (continued) 
1. Under pulse RF operating conditions. 
2. These devices are designed for RF operation. The total device dissipation rating applies only when the device is operated as RF amplifiers. 
3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


fest eee os OU Sa ee] es al 


ON CHARACTERISTICS 


[00 Guren Gan o=80AisVor=sove) | te [_® | - | - | 


FUNCTIONAL TESTS (7.0 ps Pulses @ 54% duty cycle for 3.4 ms; then off for 4.5 ms; overall duty cycle = 23%) 


Common-Base Amplifier Power Gain 
(Voc = 86 Vde, Pout = 120 W Peak, f = 1215 MHz) 


Collector Efficiency 
(Voc = 36 Vde, Pout = 120 W Peak, f = 1215 MHz) 


Load Mismatch 
(Voc = 36 Vde, Pout = 120 W Peak, f= 1215 MHz, No Degradation in Output Power 


VSWR = 3:1 All Phase Angles) 





RF 
INPUT 





C1 — 270 pF 100 Mil Chip Capacitor Z1-—Z9 — Microstrip, See Details 

C2 — 220 pF 100 Mil Chip Capacitor Board Material — Teflon®/Glass Laminate, 
C3— 0.1 pF Dielectric Thickness = 0.030”, 

C4 — 47 pF 50 V Electrolytic &r = 2.55, 2 Oz. Copper 


L1— 3 Turns #18 AWG, 1/8” ID, 0.18 Long 


4 









ALL DIMENSIONS IN INCHES 





0.081 


1.00 1.06 0.52 08 


0.05 
0.13 
0,22 
0.91 0.6 —L.— 0.66 — Les 0.55 0.44 0.74 0.3 


Figure 1. Test Circuit 
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Pout, OUTPUT POWER (WATTS pk) 


5 10 
Pin, INPUT POWER (WATTS pk) 


15 20 


Figure 2. Output Power versus Input Power 





























MLNS 
Vcc = 36V Pout = 120W -& 

Son, 

f(MHz) | Zjy (OHMS) |SO>%e 










960 | 1.45 + j257 
1025 | 2.22 + j2.g1 
1090 | 277 + j280 

2.90 + j2.22 











2.71 + j1.07 


Figure 4. Series Equivalent Input Impedances 


MOTOROLA RF DEVICE DATA 








Pout, OUTPUT POWER (WATTS pk) 


Pin, INPUT 





POWER (WATTS pk) 


Figure 3. Output Power versus Input Power 
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*Zo_ = Conjugate of the optimum load 
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noon aonerbes 
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Vee = 38 Pour = 120W "«. 
FIMH2) | ZoL* (OHMS) |>2° 


960 5.33 + j1.37 
1025 4.59 — j0.307 
1090 3.74 — j0.612 
1150 2.43 — j0.492 
1215 1.80 — j0.385 x» < 

ISIN NSA OK 7S 
impedance into which the device output 
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operates at a given output power, voltage and frequency. 


Figure 5. Series Equivalent Output Impedance 





MRF10120 
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Figure 6. Test Amplifier 





a 


SCALE 0.75:1 





MRF10120 





Figure 7. Printed Circuit Board Layout 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
Microwave Pulse 
Power Transistor 


... designed for 1025-1150 MHz pulse common base amplifier applications 150 W (PEAK) 

such as TCAS, TACAN and Mode-S transmitters. 1025-1150 MHz 

¢ Guaranteed Performance @ 1090 MHz MICROWAVE POWER 
Output Power = 150 Watts Peak ischial 
Gain = 9.5 dB Min, 10.0 dB (Typ) 





¢ 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 

e Hermetically Sealed Package 

e Silicon Nitride Passivated 

e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 

e Internal Input and Output Matching 

e Characterized with 10 us, 10% Duty Cycle Pulses 

e Recommended Driver for a Pair of MRF10500 Transistors 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Peak (1) 


Total Device Dissipation @ Tc = 25°C (1), (2) 
Derate above 25°C 


Storage Temperature Range 





THERMAL CHARACTERISTICS 


es oe 
Thornal Rasisanco,raono Case @) a 


NOTES: 
1. Under pulse RF operating conditions. 
2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 
3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case 6jc value 
measured @ 10 ps, 10%.) 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characters [Symbot_[ win [te we [Unit 
OFF CHARACTERISTICS 
Tvences | © [| —- | - | | 


Collector-Emitter Breakdown Voltage (Ic = 60 mAdc, VBE = 0) 
[ GoectrBase Breakdown Volage (= 60mAGG Ie=0) | Werjoao | 6 | — | — | ve _| 
[EniterSase Breakdown Volageie=TOmAGGio=0 | Vemeso | 95 | — | — | ve _| 
[Colesor Cue Conert Vop=e6veEte=) «dio | | | | 
ON CHARACTERISTICS 

ee ee ee ee ee 
FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vde, Poyt = 150 W Peak, f= 1090 MHz) 


Collector Efficiency 
(Voc = 50 Vde, Pout = 150 W Peak, f = 1090 MHz) 










Load Mismatch 
(Voc = 50 Vde, Poyt = 150 W Peak, f = 1090 MHz, 


VSWR = 10:1 All Phase Angles) 





RF INPUT 


Ci 
PPE 


C1 — 82 pF 100 Mil Chip Capacitor Zi-Z9 — Microstrip, See Details 

C2 — 39 pF 100 Mil Chip Capacitor Board Material — Teflon Glass Laminate 
C3— 0.1 uF Dielectric Thickness = 0.030” 

C4 — 100 uF, 100 Vde, Electrolytic € = 2.55, 2 Oz. Copper 


Li — 3 Turns #18 AWG, 1/8” ID, 0.18 Long 


j<—— .625 ——»} —>| 275 je 





Figure 1. Test Circuit 





MRF10150 MOTOROLA RF DEVICE DATA 
2-696 


Poyr, OUTPUT POWER (WATTS) 





(Gs 46 8 10 12 14 16 18 202224 
Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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— Zo1 is the conjugate of the optimum load 
impedance into which the device operates at a 
mo[a2sna| —ar=1r9—]  srenettponreas anon 







[seater] 38m _| 


Figure 3. Series Equivalent Input/Output Impedances 





MOTOROLA RF DEVICE DATA MRF10150 
2-697 


MOTOROLA 


= SEMICONDUCTOR So 
TECHNICAL DATA 


The RF Line 
Microwave Pulse 
Power Transistor 


... designed for 1025-1150 MHz pulse common base amplifier applications 350 W (PEAK) 

such as TCAS, TACAN and Mode-S transmitters. 1025-1150 MHz 

e Guaranteed Performance @ 1090 MHz MICROWAVE POWER 
Output Power = 350 Watts Peak TRANSISTOR 





Gain = 8.5 dB Min, 9.0 dB (Typ) patie unbate 
¢ 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 


e Hermetically Sealed Package 
e Silicon Nitride Passivated 
e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal . 

Migration 
e Internal Input and Output Matching 
e Characterized using Mode-S Pulse Format 

CASE 355E, STYLE 1 

MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C (1), (2) 
Derate above 25°C 


Storage Temperature Range —65 to +200 
Junction Temperature ee 





THERMAL CHARACTERISTICS 


Thoral Rado, Junclon to Gas ) Prac fen | ow _| 
NOTES: 


1. Under pulse RF operating conditions. 

2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 

3. Thermal Resistance is determined under specified RF operating conditions by infrared measurementtechniques. (Worst Case 9yGmeasured 
using Mode-S pulse train, 128 1s burst 0.5 ps on, 0.5 ps off repeating at 6.4 ms interval.) 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


SO 


OFF CHARACTERISTICS 
[Coleco tno Beakion Wola ig Omads Veeso) | Vanees | ® | — | - |_| 


Collector-Base Breakdown Voltage (Ic = 60 mAdc, IE = 0) verso | 6 {| — [| — | vac | 
Emitter-Base Breakdown Voltage (Iz = 10 mAdc, Ic = 0) vereso {| 35 | ~— | — | vac | 


[ catesor Guat Curent Vop=a6vee.ie=0 _————~|_tono_| — |= | = | mae 


ON CHARACTERISTICS 


[oc Guneniaan(o=soncvor=soved «| eT | - | = | — | 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Voc = 50 Vde, Pout = 350 W Peak, f = 1090 MHz) 
Collector Efficiency 
(Voc = 50 Vde, Poyt = 350 W Peak, f = 1090 MHz) 
Load Mismatch aa No Degradation in Output Power 




















(Voc = 50 Vde, Poyt = 350 W Peak, f = 1090 MHz, 
VSWR = 10:1 All Phase Angles) 








RF INPUT 





C1 — 75 pF 100 Mil Chip Capacitor Z1-Z9 — Microstrip, See Details 

C2 — 39 pF 100 Mil Chip Capacitor Board Material — Teflon, Glass Laminate 
C3 —0.1 pF Dielectric Thickness = 0.030” 

C4 — 100 11F, 100 Vde, Electrolytic &r = 2.55, 2 Oz. Copper 


L1— 3 Tums #18 AWG, 1/8” ID, 0.18 Long 











Figure 1. Test Circuit 
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a 
& 
= 
oc 
= 
oO 
a 
= 
2 
a 
5 
I 
5 
© 





Ese Me lai 


0 10 20 30 40 50 60 70 80 
Pin, INPUT POWER (WATTS) 
(1) 128 us burst 0.5 ps on, 0.5 us off 
repeating at 6.4 ms interval. 


Figure 2. Output Power versus Input Power 
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1150) M25 
1125841 090 


Zp = 10 


Etro f= 1150 MHz 
OL f= 1025 MHz-Lt-t He 


RESISTANCE COMPONENT(AL), oR CONOUCTANGE coMPoNFNcr($-) 


ra 


| 





Pout =350WPk Vcc =50V 


MHz OHMS OHMS 
[ns [esa | 252.07 | 
Po [ ease | 20a | 










Zo," is the conjugate of the optimum load 
impedance into which the device operates at a 
given output power voltage and frequency. 












Figure 3. Series Equivalent Input/Output Impedances 
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MOTOROLA 
= SEMICONDUCTOR Se 


TECHNICAL DATA 

The RF Line MRF10500 
Microwave Pulse 

Power Transistor 


...- designed for 1025-1150 MHz pulse common base amplifier applications 500 W (PEAK) 

such as TCAS, TACAN and Mode-S transmitters. 1025-1150 MHz 

e Guaranteed Performance @ 1090 MHz MICROWAVE POWER 
Output Power = 500 Watts Peak TRANSISTOR 





Gain = 8.5 dB Min, 9.0 dB (Typ) NPN SILICON 
e 100% Tested for Load Mismatch at All Phase Angles with 10:1 VSWR 


e Hermetically Sealed Industry Package 
e Silicon Nitride Passivated 
e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 

Migration 
e Internal Input and Output Matching 
e Characterized with 10 us, 1% Duty Cycle Pulses 

CASE 355D, STYLE 1 

MAXIMUM RATINGS 





Total Device Dissipation @ Tc = 25°C (1), (2) 
Derate above 25°C 





THERMAL CHARACTERISTICS 


a 


NOTES: 
1. Under pulse RF operating conditions. 
2. These devices are designed for RF operation. The total device dissipation rating applies only when the devices are operated as pulsed RF 
amplifiers. 
3. Thermal Resistance is determined under specified RF operating conditions by infrared measurement techniques. (Worst case 0jc value 
measured @ 32 1s, 2%.) 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


ee 
OFF CHARACTERISTICS 
vencs [8 [ - [= |) 












Collector-Emitter Breakdown Voltage (Ico = 60 mAdc, VpE = 0) 


Collector-Base Breakdown Voltage (Ic = 60 mAdc, IE = 0) V(BR)CBO | 6 | — | = | vec | 
Emitter-Base Breakdown Voltage (IE = 10 mAdc, Ic = 0) V(BR)EBO | 35 7 — | — | veo | 
Collector Cutoff Current (Vop = 36 Vdc, le = 0) ae a ee ee 


ON CHARACTERISTICS 





[DocimenGanio=somever=sovey «| me | @ | — [| - | — | 


FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(Vcc = 50 Vde, Poyt = 500 W Peak, f = 1090 MHz) 


Collector Efficiency 
(Voc = 50 Vde, Pout = 500 W Peak, f = 1090 MHz) 


Load Mismatch No Degradation in Output Power 
(Voc = 50 Vdc, Pout = 500 W Peak, f = 1090 MHz, 
VSWR = 10:1 All Phase Angles) 





RF INPUT 





C1 — 82 pF 100 Mil Chip Capacitor Zi-Z9 — Microstrip, See Details 

C2 — 39 pF 100 Mil Chip Capacitor Board Material — Teflon, Glass Laminate 
C3—0.1 pF Dielectric Thickness = 0.030” 

C4 — 100 uF, 100 Vde, Electrolytic &r = 2.55, 2 Oz. Copper 


L1— 3 Turns #18 AWG, 1/8” ID, 0.18 Long 


.150 eo 
“| [~ Las | 





Figure 1. Test Circuit 
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Poy. OUTPUT POWER (WATTS) 








Pix, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 
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MOTOROLA RF DEVICE DATA 


ra | a 
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[woo [aaa | aie | 
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Zo" is the conjugate of the optimum load 
impedance into which the device operates at a 
given output power voltage and frequency. 


Figure 3. Series Equivalent Input/Output impedances 





MRF10500 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


Aavance Information 
The RF Line MRF15030 


NPN Silicon ii biatch 
RF Power Transistor 


Designed for 26 volts microwave large-signal, common emitter, class A and 
class AB linear amplifier applications in industrial and commercial FM/AM 30 W, 1.5 GHz 
equipment operating in the range 1400-1600 MHz. RF POWER TRANSISTOR 


* Specified 26 Volts, 1490 MHz, Class AB Characteristics: ER RICON 
Output Power — 30 Watts 
Gain — 9 dB Min @ 30 Watts (PEP) 
Efficiency — 30% Min @ 30 Watts (PEP) 
Intermodulation Distortion — —30 dBc Max @ 30 Watts (PEP) 
e Third Order Intercept Point — 53.5 dBm Typ @ 1490 MHz, 
VCE = 24 Vde, Ic = 2.5 Adc 
¢ Characterized with Series Equivalent Large-Signal Parameters from 
1400-1600 MHz 
e Characterized with Small Signal S-Parameters from 1000-2000 MHz 
e Silicon Nitride Passivated 
e 100% Tested for Load Mismatch Stress at all Phase Angles with 
3:1 Load VSWR @ 28 Vdc, at Rated Output Power 
e Gold Metallized, Emitter Ballasted for Long Life and Resistance to Metal 
Migration 








MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





THERMAL CHARACTERISTICS 


PC haractertstto | Symbot Max | tt 
Thermal Resistance, Junction to Case Rec °C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


| Characteristic Symbot Tin te [Mex [unit | 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CEO 29 Vde 
(Ic = 50 mAdc, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 50 mAdc, VBE = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(I¢ = 50 mAdc, RBE = 100 Q) 
















(continued) 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 
Preferred devices are Motorola recommended choices for future use and best overall value. 
MRF15030 MOTOROLA PF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Characins Symi (in| [Mer On| 


OFF CHARACTERISTICS — continued 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 5 mAdc, Ic = 0) 





Collector Cutoff Current ICES 10 mAdc 
(VCE = 30 Vdc, VBE = 0) 


ON CHARACTERISTICS 
DC Current Gain hee 20 
(Ice = 1 Adc, Vcg = 5 Vdc) 
DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 38 pF 
(VcB = 26 Vde, IE = 0, f = 1 MHz) 
FUNCTIONAL TESTS (Figure 12) 


Common-Emitter Amplifier Power Gain 
(Voc = 26 Vde, Pout = 30 W (PEP), Icq = 125 mA, 
fy = 1490 MHz, fo = 1490.1 MHz) 


Collector Efficiency 
(Voc = 26 Vde, Pout = 30 W (PEP), Icq = 125 mA, 
f4 = 1490 MHz, fo = 1490.1 MHz) 


Intermodulation Distortion 
(Voc = 26 Vde, Pout = 30 W (PEP), Icq = 125 mA, 
fy = 1490 MHz, fo = 1490.1 MHz) 


Input Return Loss 
(Voc = 26 Vde, Pout = 30 W (PEP), Ioq = 125 mA, 
f4 = 1490 MHz, fo = 1490.1 MHz) 


Load Mismatch 
(Vcc = 28 Vde, Pout = 30 W (PEP), Iog = 125 mA, gies 
fy = 1490 MHz, fo = 1490.1 MHz, Load VSWR = 371, All Phase Nip Dearedaton a) Cuma Poe 
Angles at Frequency of Test) 





TYPICAL CHARACTERISTICS 


Pout, OUTPUT POWER (WATTS) 
Py jt» OUTPUT POWER (WATTS) 
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Pin, INPUT POWER (WATTS) {, FREQUENCY (MHz) 
Figure 1. Output Power & Power Gain versus Input Power Figure 2. Output Power versus Frequency 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 


Ic, COLLECTOR CURRENT (Adc) 
MTBF FACTOR (HOURS x AMPS?) 





% 4 8 12 16 20 24 28 1000 120 140 «4160 180 200 220 240 260 
Voce, COLLECTOR VOLTAGE (Vdc) Ty, JUNCTION TEMPERATURE (°C) 
Figure 9. DC Safe Operating Area Figure 10. MTBF Factor versus 


Junction Temperature 


The above graph displays calculated MTBF in hours x ampere2 
emitter current. Life tests at elevated temperatures have correlated 
to better than +10% of the theoretical prediction for metal failure. 
Divide MTBF Factor by Ic? for MTBF in a particular application. 





f= 1.6 GHz 
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(Q) 
Piao | teres | terns] 
Tre | sa sn0o | tareio7e 


1.45 +j5.15 1.27 +)0.78 
| 1.60 | 1.89 + j5.25 1.00 + j0.78 


Z*OL= Conjugate of optimum load impedance into 
which the device operates at a given output 
power, voltage and frequency. 





Figure 11. Input and Output Impedances with Circuit Tuned for Maximum Gain @ Poyt = 30 Watts (PEP), 
Vcc = 26 Volts, Icq = 125 mA, and Driven by Two Equal Amplitude Tones with Separation of 100 KHz 
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Table 1. Small Signal S Parameters at VcE = 24 Vde, Ic = 2.5 Adc 


ee ee EE ee a | ee (| el ee eee 
ae er A a ee eT ec 








Bi, B4 Long Bead, Fair Rite D1 Surface Mount Diode, Motorola 
B2, B3 Short Bead, Fair Rite D2 Light Emitting Diode, Industrial Devices 
C1 0.3 pF, B Case Chip Capacitor, ATC L1,L2 3 Turn, 20 AWG, 0.126” ID Choke 
c2 220 uF, Electrolytic Capacitor, Mallory N1i,N2 Type N Flange Mount RF Connector, Omni Spectra 
C3,C14 0.1 nF, Chip Capacitor, Kemit Qi Transistor PNP Motorola (BD136) 
C4, C8 0.8 to 8 pF, Variable Capacitor, Johanson Q2,Q3 Surface Mount Transistor, NPN, Motorola (MJD47) 
C5, C11 1800 pF, Chip Capacitor, Kemit R1 2 x 330 Q, 1/8 Watt Chip Resistors in Parallel, Rohm 
C6,C12  18pF, B Case Chip Capacitor, ATC R2 100 Q, 1/8 Watt, Chip Resistor, Rohm 
C7,C10 51 pF, Chip Capacitor, Murata Erie R3,R6 4x38 Q, 1/8 Watt, Chip Resistors in Parallel, Rohm 
cg 1.7 pF, B Case Chip Capacitor, ATC R4 39 Q, 1/8 Watt, Chip Resistor, Rohm 
C13 470 uF, Electrolytic Capacitor, Mallory R5 22 KQ, 1/8 Watt, Chip Resistor, Rohm 
Board — Glass Teflon®, Arlon GX-0300-55-22, e = 2.55 
Figure 12. Class AB Broadband Test Fixture Electrical Schematic 
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MRF 15030 
1400-1600 MHz 
Rev 5 

TD/AW 





SCALE 0.75:1 


Figure 13. Photomaster for Broadband Class AB Test Fixture 






































Figure 14. Broadband Class AB Test Fixture 
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B1, B4 Long Bead, Fair Rite Qi Transistor NPN Motorola (BD135) 


B2, B3 Short Bead, Fair Rite Q2 Transistor PNP Motorola (BD136) 

C1, C2 100 pF, Electrolytic Capacitor, Mallory Ri 250 Q, 1/8 Watt, Chip Resistor Rohm 

C3,C14 0.1 uF, Chip Capacitor, Kemit R2 500 Q, 1/4 Watt Potentiometer, State of the Art 

C4 1.3 pF, B Case Chip Capacitor, ATC. R3 4.7 KQ, 1/8 Watt, Chip Resistor, Rohm 

C5,C12  18pF,B Case Chip Capacitor, ATC R4 2x 4.7 KQ, 1/8 Watt, Chip Resistors in Parallel, Rohm 
C6,C11 1800 pF, Chip Capacitor, Kemit R5 1.0 Q, 10 Watt, Resistor, Dale 

C7,C9 0.8 to 8 pF, Variable Capacitor, Johanson R6 38 Q, 1.0 Watt, Resistor 

C8,C10 51 pF, Chip Capacitor, Murata Erie R7 75 Q, 1/8 Watt, Chip Resistor, Rohm 

C13 470 pF, Electrolytic Capacitor, Mallory R8 2.x 10 Q, 1/8 Watt, Chip Resistors in Parallel, Rohm 
L1,L2 3 Turn, 20 AWG, 0.126” ID Choke R9,R10 4x38 Q, 1/8 Watt, Chip Resistors in Parallel, Rohm 
N1,N2 Type N Flange Mount RF Connector, Omni Spectra Board Glass Teflon®, Arlon GX-0300-55-22, ey = 2.55 


Figure 15. Class A Test Fixture Electrical Schematic 
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MRF 15030 
1490 MHz 
Rev 5 

TD/AW 





SCALE 0.75:1 
Figure 16. Photomaster for Class A Test Fixture 
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Figure 17. Class A Test Fixture 
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MOTOROLA 
= SEMICONDUCTOR ox 
TECHNICAL DATA 


Advance Information 
The RF Line MRF15090 


NPN Silicon Motorola Preferred Device 
RF Power Transistor 


Designed for 26 volts microwave large-signal, common emitter, class A and 
class AB linear amplifier applications in industrial and commercial FM/AM 90 W, 1.5 GHz 
equipment operating in the range 1400-1600 MHz. RF POWER TRANSISTOR 


° Specified 26 Volts, 1490 MHz, Class AB Characteristics NEN oEcen 
Output Power — 90 Watts (PEP) 
Gain — 7.5 dB Min @ 90 Watts (PEP) 


Collector Efficiency — 30% Min @ 90 Watts (PEP) 
Intermodulation Distortion — —28 dBc Max @ 90 Watts (PEP) 
e Third Order Intercept Point — 56.5 dBm Typ @ 1490 MHz, VcE = 24 Vdc, 
Ic = 5 Ade 
e Characterized with Series Equivalent Large-Signal Parameters from 
1400-1600 MHz 
e Characterized with Small-Signal S-Parameters from 1000-2000 MHz 
e Silicon Nitride Passivated 
¢ 100% Tested for Load Mismatch Stress at All Phase Angles with 3:1 Load 
VSWR @ 28 Vdc, and Rated Output Power 
e Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration CASE 375A, STYLE 1 


MAXIMUM RATINGS 





Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector-Current — Continuous @ TJ(max) = 150°C 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 





THERMAL CHARACTERISTICS 


PS Characteristio SS SSSSSS«' «Sumo Sanit 
Thermal Resistance, Junction to Case Reuc 0.70 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Characteristic | Symbol | min Le Max | unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 50 mAde, Ip = 0) 


Collector-Emitter Breakdown Voltage V(BR)CES Vdc 
(Ic = 50 mAde, VBE = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(Ic = 50 mAdc, Rpe = 100 2) 








(continued) 
This document contains information on a new product. Specifications and information herein are subject to change without notice. 
Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Ghavacteritie ST Symbot [min [tye [Max [unt 
OFF CHARACTERISTICS — continued 
Emitter-Base Breakdown Voltage 


V(BR)EBO 4 4.8 Vde 
(lg = 5 mAdc, Ic = 0) 
Collector Cutoff Current ICES mAdc 
(VCE = 30 Vdc, Vee = 0) 




















ON CHARACTERISTICS 
DC Current Gain hee 40 
(ICE = 1 Ade, Vcg = 5 Vdc) 
DYNAMIC CHARACTERISTICS . 


Output Capacitance 
(Vo = 26 Vde, Ie = 0, f = 1 MHz) ~ 
For Information Only. This Part Is Collector Matched. 


FUNCTIONAL TESTS (Figure 12) 


| Common-Emitter Amplifier Power Gain 
(Voc = 26 Vde, Poyt = 90 W (PEP), Iog = 250 mA, 
fy = 1490 MHz, fo = 1490.1 MHz) 


Collector Efficiency 
(Voc = 26 Vdc, Pout = 90 W (PEP), Icq = 250 mA, 
fy = 1490 MHz, fo = 1490.1 MHz) 


Intermodulation Distortion 
(Voc = 26 Vde, Pout = 90 W (PEP), Icq = 250 mA, 





fy = 1490 MHz, fo = 1490.1 MHz) 





Input Return Loss 
(Voc = 26 Vdc, Pout = 90 W (PEP), Icq = 250 mA, 
f4 = 1490 MHz, fo = 1490.1 MHz) 


Load Mismatch 


(Voc = 28 Vde, Pout = 90 W (PEP), I¢q = 250 mA, 
fy = 1490 MHz, fo = 1490.1 MHz, Load VSWR = 3:1, All Phase Ne Rearenton ieatrorer 


Angles at Frequency of Test) 
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TYPICAL CHARACTERISTICS 


Poy» OUTPUT POWER (WATTS) 


Pins INPUT POWER (WATTS) 


Figure 1. Output Power & Power Gain 
versus Input Power 
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Figure 3. intermodulation Distortion 
versus Output Power 
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‘Figure 5. Intermodulation Distortion 
versus Output Power 
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Poyt» OUTPUT POWER (WATTS) 
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1400 1420 1440 1460 1480 1500 1520 1540 1560 1580 1600 


Gpe: POWER GAIN (4B) 


Gpe POWER GAIN (dB) 





f, FREQUENCY (MHz) 
Figure 2. Output Power versus Frequency 
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MOTOROLA RF DEVICE DATA 


TYPICAL CHARACTERISTICS 





a 
ZS 
S 
& a o 
= g B 
oc = oe, 
= z 2 
<= 
2 S = 
5 rT] a 
z = a 
5 & g 
to 2 iro 
3 . S # 
= fy = 1490 MHz Zz 
fo = 1490.1 MHz s 
10 15 20 25 30 35 40 45 50 18 20 22 24 26 28 
Pin, INPUT POWER (dBm) Voc; COLLECTOR SUPPLY VOLTAGE (Vde) 
Figure 7. Class A Third Order Intercept Point Figure 8. Power Gain and intermodulation 


Distortion versus Supply Voltage 











Ig COLLECTOR CURRENT (Adc) 
MTBF FACTOR (HOURS x AMPS? ) 





0 4 8 12 20 24 28 100,120 140 160 180 200 220 240 260 
Voce, COLLECTOR ioe (Vde) Ty, JUNCTION TEMPERATURE (°C) 
Figure 9. DC Safe Operating Area Figure 10. MTBF Factor versus 
Junction Temperature 


The graph above displays calculated MTBF in hours x ampere2 
emitter current. Life tests at elevated temperatures have correlated 
to better than +10% of the theoretical prediction for metal failure. 
Divide MTBF Factor by Ic2 for MTBF in a particular application. 
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f= 1.4 GHz 





















































Zin = Input impedance is a balanced base to 
base measurement. 





1450 ZoL* = Conjugate of optimum load impedance 
operates aa gven cpu power, bias 
current, voltage and frequency. 

355 +04 


Figure 11. Input and Output Impedances with Circuit Tuned for Maximum Gain @ Poyt = 90 Watts (PEP), 
Vcc = 26 Volts, icq = 250 mA, and Driven by Two Equal Amplitude Tones with Separation of 100 KHz 
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Table 1. Common Emitter S-Parameters (for One Side of Push-Pull MRF15090) at VcE = 24 Vdc, Ic = 2.5 Adc 
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Balun 2 


RF Output 


TLIO N2 








B1, B2, B3, B4 Ferrite Bead, Ferroxcube L1 1 Turn, 24 AWG, 0.042” ID Choke 
ci 2.7 pF, B Case Chip Capacitor, ATC L2,L3,L8,L9 3 Turn, 20 AWG, 0.126” ID Choke 
c2 0.6-4.0 pF, Variable Capacitor, Johanson L4,L5,L6,L7 12 Turns, 22 AWG, 0.140” ID Choke 
C3, C4, C23, C24 18 pF, B Case Chip Capacitor, ATC L10 3 Turns, 24 AWG, 0.046” ID Choke 
C5, C6, C22, C25 51 pF, Chip Capacitor, Murata Erie N1, N2 Type N Flange Mount RF Connector, Omni Spectra 
C7, C8, C20, C21 1800 pF, Chip Capacitor, Kemit Q1, Q3 Transistor, NPN, Motorola (MJD47) 
C9, C10, C11 100 pF, Electrolytic Capacitor, Mallory Q2 Transistor PNP Motorola (BD136) 
C12 5.1 pF, A Case Chip Capacitor, ATC R1, R2, R7, R8 10 Q, 1/2 W, Resistor 
C13, C14,C18,C19 0.1 uF, Chip Capacitor, Kemit R3 150 Q, 1/2 W, Resistor 
C15 1.1 pF, B Case Chip Capacitor, ATC R4 2x 66 Q, 1/8 W, Chip Resistors in Parallel, Rohm 
C16, C17 470 F, Electrolytic Capacitor, Mallory R5 93 Q, 1/8 W, Chip Resistor, Rohm 
C26 0.3 pF, B Case Chip Capacitor, ATC R6 22 KQ, 1/8 W, Chip Resistor, Rohm 
D1 Diode, Motorola (MUR5120T3) TL1 to TL10 See Photomaster 
D2 Light Emitting Diode, Industrial Devices Board Glass Teflon®, Arlon GX-0300-55-22, €r = 2.55 
Figure 12. Class AB Test Fixture Electrical Schematic 
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oe eee 


MRF 15090 
1450-1525 MHz 


TD/AW 


See we we eae 





i SCALE 0.75:1 
Figure 13. Photomaster for Class AB Broadband Test Fixture 
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Figure 14. Broadband Test Fixture 
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Vsupply 


Ri : | | 
= T = Vec 













Fe ey 
hi" 03 
og) 
RI7 aig 
ROS pis pw aay 
R3 = R7 % BI cH + — 
Rit c3T cs C15 77 85 C19 
ae ie on ae ped & 
Coax 1 a ay Balun 2 
T cg 
wi L4 ii 
C2 RF Output 
RF Input ¢7 TLIO -N2 
Ni 





fj B4 
a 3 = a U a = BBQ = = 
= = = = 7 a = = o = Coax 2 
cab An L Soe B J cos 
R12 
R43 RB +4] COs? B C12 + p= 
Riss RIG Lew R20 
Qs Ri8 
i 
2, 
(7 3 Voc 
RS HE) AB 
C2 { 
+ 
Vsupply 
B1, B2, B5, B6 Long Bead, Fair Rite Ni, N2 Type N Flange Mount RF Connector, Omni Spectra 
B3, B4, B7, B8 Short Bead, Fair Rite Q1, Q2 Transistor NPN Motorola (BD135) 
C1, C2, C3, C4 100 pF, Electrolytic Capacitor, Mallory Q3, Q4 Transistor PNP Motorola (BD136) 
C5, C6, C17, C18 0.1 uF, Chip Capacitor, Kemit R1, R6 250 Q, 1/8 W, Chip Resistor, Rohm 
C7, C8, C21, C22 18 pF, B Case Chip Capacitor, ATC R2, R5 500 Q, 1/4 W, Potentiometer, State of the Art 
C9, C10, C20, C23 51 pF, Chip Capacitor, Murata Erie R3, R4 4.7 Q, 1/8 W, Chip Resistor, Rohm 
C11,C12,C19,C24 1800 pF, Chip Capacitor, Kemit R7, R8 2 x 4.7 KQ, 1/8 W, Chip Resistors 
C13 4.3 pF, B Case Chip Capacitor, ATC in Parallel, Rohm 
C14 2.0 pF, B Case Chip Capacitor, ATC R9, R14 1.0 Q, 10 W, Resistor, Dale 
C15, C16 470 uF, Electrolytic Capacitor, Mallory R10, R13 38 Q, 1 W, Resistor 
C25 0.6—4 pF Variable Capacitor, Johanson R11, R12 75 Q, 1/8 W, Chip Resistor, Rohm 
1 3 Turns, 24 AWG, 0.046” ID Choke R15, R16 2x 10 Q, 1/8 W, Chip Resistors in Parallel, Rohm 
L2, L3,L4,L5 3 Turns, 20 AWG, 0.126” ID Choke R17, R18, R19,R20 4x38 Q, 1/8 W, Chip Resistors in Parallel, Rohm 
L6 2 Turns, 24 AWG, 0.042” ID Choke Board Glass Teflon®, Arlon GX-0300-55-22, ¢, = 2.55 
Figure 15. Class A Test Fixture Electrical Schematic 
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Figure 17. Class A Test Fixture 
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MOTOROLA 


m= SEMICONDUCTOR Sa 


TECHNICAL DATA 


The RF Line 
NPN Silicon 
High-Frequency Transistor 


... designed for amplifier, oscillator or frequency multiplier applications in Ic = 300 mA 
industrial equipment. Suitable for use as a Class A, B or C output driver or SOURCE MOUNT 
pre-driver stages in VHF and UHF. HIGH-FREQUENCY 
e Low Cost SORF Plastic Surface Mount Package TRANSISTOR 


NPN SILICON 





e Guaranteed RF Specification — |S24!2 
e S-Parameter Characterization 
¢ Tape and Reel Packaging Options Available 


& 





CASE 751, STYLE 1 
(S0-8) 





MAXIMUM RATINGS 


[Symbot_ [value] 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage | Veso [ 20 | 
Collector Current — Continuous 
Operating and Storage Junction Temperature Range °C 


THERMAL CHARACTERISTICS 


1.0 
8.0 mW 





Characteristic 


Total Device Dissipation @ Ta = 25°C oo 


Derate above 25°C 





° 





Thermal Resistance, Junction to Ambient ReJA 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


[Chavactonsto ————SSSSSS*dY:Cymbot [win [Mee Unt 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage (Ic = 10 mA) 










V(BR)CEO 


Collector-Base Breakdown Voltage (ic = 100 1A) V(BR)CBO 


a ie See 
eee 
Emitter-Base Breakdown Voltage (l= = 100 1A) | ViaryeBo | 20 | 
ee 
aw 


(continued) 










Collector Cutoff Current (Vcp = 20 V) ICBO 


Paes 
a ae 
ie rae) 

eas aa 
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ELECTRICAL CHARACTERISTICS — continued (T, = 25°C unless otherwise noted.) 


[Cacia «YT (Smboh [ win CMe CU 


ON CHARACTERISTICS 


DC Current Gain hrE 
(i¢ = 50 MA, VcE = 5.0 V) 200 
(i¢ = 150 mA, VoE = 5.0 V) 200 





Collector-Emitter Saturation Voltage VCE(sat) Vv 
(I¢ = 100 mA, Ip = 10 mA) 
SMALL-SIGNAL CHARACTERISTICS 


Current-Gain — Bandwidth Product 
(Ic = 50 mA, Vcg = 12.5 V, f = 500 MHz) 





Table 1. Common Emitter S-Parameters 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


MRW2001 
MRW2003 


The RF Line MRW2005 
Microwave 
‘ MRW2010 
Power Transistors 
. .. designed primarily for large-signal output and driver amplifier stages in the 5.2-9.0 dB 
1.0 to 2.3 GHz frequency range. 1.0-2.3 GHz 
e Designed for Class B or C, Common Base Power Amplifiers EC OWME. 
° Specified 28 Volt, 2.0 GHz Characteristics: POWER TRANSISTORS 





Output Power — 1.0 to 20 Watts 
Power Gain — 5.2 to 9.0 dB, Min 
Collector Efficiency — 40%, Min 


e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 





CASE 328A, STYLE 1 
(GP-13) 





MAXIMUM RATINGS 


Collector Current — Continuous 














MRW2001 
MRW2003 
MRW2005 
MRW2010 2.0 
Operating Junction Temperature Ty | 00 
Storage Temperature Range 
THERMAL CHARACTERISTICS 
Characteristic 
Thermal Resistance, RF, Junction to Case 
MRW2001 
MRW2003 
MRW2005 
MRW2010 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Characters «Symon [Typ (Max | unit | 
OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CES 
(Ic = 10 MA, VBE = 0) MRW2001 
(Ic = 20 mA, VBE = 0) MRW2003 
(I¢ = 40 mA, VBE = 0) MRW2005 
(I¢ = 80 MA, VBE = 0) MRW2010 
(continued) 
MOTOROLA RF DEVICE DATA MRW2001 eMRW2003eMRW2005eMRW2010 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Characters Soba [min [We] ee [ta 


OFF CHARACTERISTICS (continued) 



















Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.2 mA, Ic = 0) MRW2001 
(IE = 0.25 mA, Ic = 0) MRW2003 
(IE = 0.5 mA, Ic = 0) MRW2005 
(IE = 1.0 mA, Ic = 0) MRW2010 


Collector Cutoff Current MRW2001 mAdc 
(Vos = 28 V, IE = 0) MRW2003 
MRW2005 
MRW2010 


ON CHARACTERISTICS 


DC Current Gain 
(I¢ = 100 mA, Vog = 5.0 V) MRW2001 


(I¢ = 100 mA, VcE = 5.0 V) MRW2003 

(Ig = 200 mA, VcE = 5.0 V) MRW2005 

(ic = 400 mA, VcE = 5.0 V) MRW2010 
DYNAMIC CHARACTERISTICS 

Output Capacitance MRW2001 

(Vos = 28 V, IE = 0, f = 1.0 MHz) MRW2003 


MRW2005 
MRW2010 








FUNCTIONAL TESTS 


Common-Base Amplifier Power Gain 
(VCE = 28 V, Pout = 1.0 W, f = 2.0 GHz) MRW2001 
(VCE = 28 V, Pout = 10 W, f = 2.0 GHz) MRW2010 


Common-Base Amplifier Power Gain 
(VCE = 28 V, Pout = 3.0 W, f = 2.0 GHz) MRW2003 
(VCE = 28 V, Pout = 5.0 W, f = 2.0 GHz) MRW2005 


Collector Efficiency 
(VCE = 28 V, Pout = 1.0 W, f = 2.0 GHz) MRW2001 
(VCE = 28 V, Pout = 3.0 W, f = 2.0 GHz) MRW2003 
(VCE = 28 V, Pout = 5.0 W, f = 2.0 GHz) MRW2005 
(VCE = 28 V, Pout = 10 W, f = 2.0 GHz) MRW2010 


Load Mismatch 
(VCE = 28 V, f = 2.0 GHz, Load VSWR = -:1, All Phase Angles) 
Pout = 1.0 W MRW2001 
Pout = 3.0 W MRW2003 


Pout = 5.0 W MRW2005 
Pout = 10 W MRW2010 


Saturated Output Power 
(VCE = 28 V, f = 2.3 GHz) MRW2001 
(VCE = 28 V, f = 1.5 GHz) 
(VCE = 28 V, f = 1.0 GHz) 
(VCE = 28 V, f = 2.3 GHz) MRW2003 
(VCE = 28 V, f = 1.5 GHz) 
(VCE = 28 V, f = 1.0 GHz) 


(VCE = 28 V, f = 2.3 GHz) MRW2005 
(VCE = 28 V, f = 1.5 GHz) 
(VCE = 28 V, f = 1.0 GHz) 
(VCE = 28 V, f = 2.3 GHz) MRW2010 
(VCE = 28 V, f = 1.5 GHz) 
(VCE = 28 V, f = 1.0 GHz) 
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TYPICAL CHARACTERISTICS 


MRW2003 


Poyt» POWER OUTPUT (WATTS) 
Pout, POWER OUTPUT (WATTS) 





Pin, POWER INPUT (WATTS) Pin, POWER INPUT (WATTS) 
Figure 1. Output Power versus Input Power 


MRW2001 MRW2003 
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Figure 2. Series Equivalent Input/Output Impedance 
Vcc =28V 


MRW2001 MRW2003 


To: EFFICIENCY (%) 
toy 
Psat, SATURATED OUTPUT POWER (WATTS) 
To: EFFICIENCY (%) 
Peat» SATURATED OUTPUT POWER (WATTS) 





{, FREQUENCY (GHz) : f, FREQUENCY (GHz) 


Figure 3. Power Output and Efficiency versus Frequency 
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TYPICAL CHARACTERISTICS 





MRW2005 
7 14 
a § pele 
g E 
25 = 10 
2 4 2 5 
5 E 
= 3 2 6 
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aa a 
3 
So 3 
1 2 
i y x ; % 
Pin, POWER INPUT (WATTS) Pin, POWER INPUT es 


Figure 4. Output Power versus Input Power 
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Figure 5. Series Equivalent Input/Output Impedance 
Voc = 28 V 


MRW2005 MRW2010 


Te» EFFICIENCY (%) 
Tq» EFFICIENCY (2%) 


Psat, SATURATED OUTPUT POWER (WATTS) 





f, FREQUENCY (GHz) f, FREQUENCY (GHz) 
Figure 6. Power Output and Efficiency versus Frequency 
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The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the “Super 2.0 GHz’ devices. Life 
tests at elevated temperatures have correlated to better than 
+10% to the theoretical prediction for metal failure. Sample 
MTTF calculations based on operating conditions are in- 
cluded on the graph. 





MTTF FACTOR (108 HRS. X AMP2) 





70 150 170 190 210 
a Hee TEMPERATURE (°C) 


Figure 7. MTTF Factor 

















WV VW \ 
= 502 ly : 502 
——_ _— 
MRW2001 - 
2.0GHz MRW2003 
Board Material = 0.062” Glass-Teflon er = 2.55 2.0 GHz 
Board Material = Bis Glass-Teflon e, = a 
V NX 
§0Q 
—_— 
Ce 7 
MRW2005 MRW2010 
m= a0cH 40 20GHz df 
Board Material = 0.020” Glass-Tefion er = 2.55 Board Material = es Glass-Teflon ey = 2.55 
Figure 8. PC Board Layouts 
MOTOROLA RF DEVICE DATA MRW2001 eMRW2003eMRW2005eMRW2010 
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MOTOROLA 


= SEMICONDUCTOR xox 


TECHNICAL DATA 


The RF Line 
Microwave Power Transistors 


. .. designed primarily for large-signal output and driver amplifier stages in the 
1.5 to 3.0 GHz frequency range. 


e Designed for Class B or C, Common Base Linear Power Amplifiers 


© Specified 28 Volt, 3.0 GHz Characteristics: 
Output Power — 1.0 to 5.0 Watts 
Power Gain — 5.0 to 7.0 dB Min 
Collector Efficiency — 30% Min 


¢ Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


MAXIMUM RATINGS 


[Rating Sb [oat] 508 | 3005 [on] 
[eatodorBaso vatage | Veso | __———*d:Ce | 
[Enitersase vote | Vewo | 88_——~*d: | 
[Opening ncionTonpoaire | ty | 0 «de | 


THERMAL CHARACTERISTICS 


[__Gharacierisio_—_‘[Symbol[ Wax ‘| Uaw | 


Thermal Resistance, RF, Reuc 17 °C 
Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


















a 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 


MRW3001 
MRW3003 


MRW3005 





5.0-7.0 dB 
1.5-3.0 GHz 
1.0-5.0 WATTS 
MICROWAVE 
POWER TRANSISTORS 


CASE 328F, STYLE 2 
(GP-13) 
MRW3001, 3003, 3005 





V(BR)CES Vde 
(I¢ = 10 mA, VBE = 0) MRW3001 
(ic = 30 mA, VBE = 0) MRW3003 
(Ic = 50 mA, Vpe = 0) MRW3005 

V(BR)CBO Vde 
(ic = 1.0 mA, IE = 0) MRW3001 45 
(Ic = 3.0 mA, IE =0) MRW3003 45 
(Ic = 5.0 mA, IE =0) MRW3005 45 


Collector-Base Breakdown Voltage 


Emitter-Base Breakdown Voltage 
(IE = 1.0 mA, Ic = 0) 


ic a aed 


Collector Cutoff Current MRW3001 ICBO 0.5 
(Vcp = 28 V, IE = 0) MRW3003 0.75 
: MRW3005 1.25 


ON CHARACTERISTICS 


DC Current Gain 
(ic = 100 mA, Voce = 5.0 V) MRW3001 
(ic = 300 mA, VcE = 5.0 V) MRW3003 


(I¢ = 500 mA, VcE = 5.0 V) MRW3005 








MRW3001eMRW3003eMRW3005 
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MOTOROLA RF DEVICE DATA 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


TC Charactrnio——S«YCymbon [win [We Tm | Un 


DYNAMIC CHARACTERISTICS 
Output Capacitance MRWS3001 


(Vop = 28 V, IE = 0, f= 1.0 MHz) MRW3003 
MRW3005 














FUNCTIONAL TESTS 
Common-Base Amplifier Power Gain 
(VCE = 28 V, Pout = 1.0 W, f= 3.0 GHz) MRW3001 
(VCE = 28 V, Pout = 3.0 W, f= 3.0 GHz) MRW3003 
(VCE = 28 V, Pout = 5.0 W, f = 3.0 GHz) MRWS3005 
Collector Efficiency 
(VCE = 28 V, Pout = 1.0 W, f = 3.0 GHz) MRW3001 
(VCE = 28 V, Pout = 3.0 W, f = 3.0 GHz) MRW3003 
(VCE = 28 V, Pout = 5.0 W, f = 3.0 GHz) MRW3005 
Load Mismatch 
(VCE = 28 V, f = 3.0 GHz, Load VSWR = -~:1, All Phase Angles) 
Pout = 1.0 W MRWS3001 No Degradation in Output Power 
Pout = 3.0 W MRW3003 
Pout = 5.0 W MRW3005 
MRW3001 
TYPICAL CHARACTERISTICS 
a 
E 
= > 
Pra ss 
= 1 3 
& ai 
9 
2 te 
5 bes 
3 rd 
J 
a® 0. 
0.05 0.1 0.15 0.2 0.25 
Pin, INPUT POWER (WATTS) t, FREQUENCY (GHz) 
Figure 1. Output Power versus Input Power Figure 2. Psat and n versus Frequency 








Figure 3. Series Equivalent Input/Output Impedance 
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Board material = 0.018” dielectric thickness Glass teflon (e, = 2.55). 


= Foil wrap asterisked edge to ground plane. j-—— ” ——> 
Co = 100 pF chip. 
Cx = 100 pF chip capacitor and 10 pF electrolytic. (Not to Scale) 
Ci = 100 pF chip capacitor. The capacitor position can be tuned. 
RFC = 8 turns #28 AWG, 0.010 dia. 


Figure 4. MRW3001 PC Board Layout, f = 3.0 GHz 








MRW3003 
TYPICAL CHARACTERISTICS 

2 ee 

no 
= E 
= BS = 
fe) = = 
E : 2 
E z ih 
2 “: e 
2 a 

Pin, INPUT POWER (WATTS) f, FREQUENCY (GHz) 
Figure 5. Output Power versus Input Power Figure 6. Pgat and 7 versus Frequency 
Figure 7. Series Equivalent Input/Output Impedance 
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eRK 





» y 


Board material = 0.018” dielectric thickness Glass teflon (e, = 2.55). e 
* = Foil wrap asterisked edge to ground plane. -— 1" ——>| 


(Not to Scale) 


Co = 100 pF chip. 

Cx = 100 pF chip capacitor and 10 pF electrolytic. 

Ci = 100 pF chip capacitor. The capacitor position can be tuned. 
RFC = 8 turns #28 AWG, 0.010 dia. 


Figure 8. MRW3003 PC Board Layout, f = 3.0 GHz 


MRW3005 
TYPICAL CHARACTERISTICS 








a 
E a 
= E 
= = z 
uw 2 
5 a 
5 i 
= > ui 
3 2 2 
=| S 
2 é 
0 
0.2 0.6 1 1.4 18 2.2 2.6 f 35 
Psat, SATURATED OUTPUT POWER (WATTS) f, FREQUENCY (GHz) 
Figure 9. Output Power versus Input Power Figure 10. Psat and 1 versus Frequency 





Figure 11. Series Equivalent Input/Output Impedance 
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MTTE FACTOR (HRS x AMP2} 


10,000 


1,000 






Board material = 0.018” dielectric thickness Glass teflon (e, = 2.55). 


Co = 


RFC = 


Foil wrap asterisked edge to ground plane. 


100 pF chip. 


100 pF chip capacitor and 10 pF electrolytic. 


-—— 1” ——»] 


(Not to Scale) 


100 pF chip capacitor. The capacitor position can be tuned. 


8 turns #28 AWG, 0.010 dia. 


Figure 12. MRW3005 PC Board Layout, f = 3.0 GHz 











Ty, JUNCTION TEMPERATURE (°C) 


Figure 13. MTTF Factor versus 
Junction Temperature 


MRW3001eMRW3003eMRW3005 
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MTTF Factor 
(Normalized to 1.0 ampere2 Continuous Duty) 
The graph shown displays MTTF in hours x ampere? emitter current 
for each of the 3.0 GHz devices. Life tests at elevated temperatures 
have correlated to better than +10% to the theoretical prediction for 
metal failure. CAUTION — A calculation is required to obtain actual 
metal life. Sample MTTF calculations based on operating conditions 
are shown below. 
Junction Temperature — °C 


To calculate metal lifetime under any set of conditions, obtain actual 
data or estimate from typical performance curves. Solve for Ty (°C): 
Pout x 100 


(1) Ty = QF Gee + Pin- Pout) + TFLANGE 
Enter graph of MTF factor versus Ty. Obtain MTF factor. Calculate 


metal life by: 


(2) Metal Life in Hours = MTF Factor 


Ic? (Amps) 





MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR RI 
TECHNICAL DATA 


The RF Line 
Microwave Linear 
Power Transistor 


. .. designed primarily for large-signal output and driver amplifier stages in the 


1.0 to 2.0 GHz frequency range. ed tapos : 
e Designed for Class A or AB, Common-Emitter Linear Power Amplifiers MICROWAVE LINEAR 


e Specified 20 Volt, 2.0 GHz Characteristics: POWER TRANSISTOR 
Output Power — 3.0 Watts 
Power Gain — 5.0 to 6.0 dB 


Gold Metallization for Improved Reliability 
Diffused Ballast Resistors 





MAXIMUM RATINGS 


[satin = Symbot |Vatve [Ont 
Coleco Ete Votago VoE0 
Colecor Bese Veta Voces | | vee_| 





Emitter-Base Voltage | Vepo | 35 
[operating uncionTemperaure «| ty =| 00 |_| 
‘THERMAL CHARACTERISTICS 
Paic 


Thermal Resistance, DC, Junction to Case 
ELECTRICAL CHARACTERISTICS 


CASE 328F, STYLE 1 








[erates dS] ex [Unt 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 40 mA, Ip = 0) 


Collector-Base Breakdown Voltage 


(ig = 2.0 mA, IE = 0) 


Emitter-Base Breakdown Voltage 
(IE = 0.5 mA, Ic = 0) 


Collector Cutoff Current 
(VoB = 28 V, IE = 0) 








ON CHARACTERISTICS 
DC Current Gain hee 120 
(Ic = 200 mA, VcE = 5.0 V) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 7.0 
(Vos = 28 V, IE = 0, f = 1.0 MHz) 
(continued) 
MOTOROLA RF DEVICE DATA MRW52602 
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ELECTRICAL CHARACTERISTICS — continued 
[Characters dS [tin | to [Wax [un] 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 20 V, Pout = 3.0 W, f = 2.0 GHz, IE = 440 mA) 


Load Mismatch 
(VCE = 20 V, IE = 440 mA, Pout = 3.0 W, f = 2.0 GHz, 
Load VSWR = :1, All Phase Angles) 


Cutoff Frequency (Basic cell design) 


Gain Linearity 
(VCE = 20 V, IE = 440 mA, f = 2.0 GHz, P94 = 3.0 W, Poa = 3.0 mW) 
Intermodulation Distortion, 3rd Order 


(VCE = 20 V, IE = 440 mA, Po (PEP) = 3.0 W, 
Tones at 2.0 GHz and 2.005 GHz) 





Pout. POWER OUTPUT (WATTS) 
Gpe, GAIN (dB) 


f=2GHz 
TFLANGE = 25°C 





Ig, EMITTER CURRENT (mA) Ie, EMITTER CURRENT (mA) 
Figure 1. 1.0 dB Compression Point versus Figure 2. Gain versus Emitter Current. 
Emitter Current 


Ic, COLLECTOR CURRENT (mA) 








0 5 10 15 20 24 25 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


Figure 3. Safe Operating Area 
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0.5 0.94 
1.0 0.92 


1.3 0.92 
1.5 0.91 
1.7 0.92 
2.0 0.92 
25 0.91 
3.0 0.93 





Table 1. Common Emitter S-Parameters 


The graph shown below displays MTTF in hours x ampere2 









emitter current for each of the devices. Life tests at elevated os___1.0 : 
temperatures have correlated to better than +10% to the of Kole 
theoretical prediction for metal failure. Divide MTTF by Ic2 for Res 
MTTF in a particular application. 


02 
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VcE = 20 V, Po = 3.0 W 
Ty, JUNCTION TEMPERATURE (°C) CE cd 





Figure 4. MTTF Factor versus Figure 5. Series Equivalent Input/Output 
Junction Temperature Impedance 
MOTOROLA RF DEVICE DATA MRW52602 
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MOTOROLA 
= SEMICONDUCTOR xxx 
TECHNICAL DATA 


The RF Line MRW52604 
Microwave Linear 
Power Transistor 


... designed primarily for wideband, large-signal output and driver amplifier 


stages in the 1.0 to 2.0 GHz frequency range. noe hans 
e Designed for Class A, or AB Common-Emitter Linear Power Amplifiers MICROWAVE LINEAR 


¢ Specified 20 Volt, 2.0 GHz Characteristics: POWER TRANSISTOR 
Output Power — 6.0 Watts 
Power Gain — 4.8 dB, Min 


e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Operating Junction Temperature 


Storage Temperature Range 


THERMAL CHARACTERISTICS 


CASE 328F, STYLE 1 
(GP-13) 





Characteristic 


Thermal Resistance, RF, Junction to Case 
Thermal Resistance, DC, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


a eee ee ee 





OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage 


V(BR)CEO Vde 
(Ic = 80 mA, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 80 mA, Vee = 0) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 4.0 mA, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.5 Vde 
(IE = 1.0 mA, Ic = 0) 
Collector Cutoff Current ICBO mAdc 
(Vos = 28 V, Ig = 0) 


ON CHARACTERISTICS 


DC Current Gain hFE 
(Ic = 400 mA, VcE = 5.0 V) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vcp = 28 V, Ie = 0, f = 1.0 MHz) 


(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 
ee 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 20 V, Pout = 6.0 W, f = 2.0 GHz, IE = 880 mA) ° 


Load Mismatch 
(VCE = 20 V, IE = 880 mA, Pout = 6.0 W, f = 2.0 GHz, 
Load VSWR = 3:1, All Phase Angles) 


Cutoff Frequency (Basic cell design) 


Gain Linearity 
(VcE = 20 V, IE = 880 mA, f = 2.0 GHz, Po1 = 6.0 W, Poa = 6.0 mW) 
Intermodulation Distortion, 3rd Order 


(VCE = 20 V, Ig = 880 MA, Po (PEP) = 6.0 W, 
Tones at 1.0 GHz and 1.005 GHz) 





TYPICAL CHARACTERISTICS 





Pout, POWER OUTPUT (WATTS) 
Gpe, GAIN (dB) 





0 400 800 1200 1600 
Ig, EMITTER CURRENT (mA) Ig, EMITTER CURRENT (mA) 
Figure 1. 1.0 dB Compression Point versus Figure 2. Gain versus Emitter Current 
Emitter Current 


Ic, COLLECTOR CURRENT (AMPS) 





0 5 10 15 20 
Vce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


Figure 3. DC Safe Operating Area 
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The graph shown below displays MTTF in hours x ampere2 
Large Signal Impedance Data emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than +10% to the 
theoretical prediction for metal failure. Divide MTTF by Ic? for 
MTTF in a particular application. 














MTTF FACTOR (106 HRS. x AMP2) 





70 90 110 130 150 170 190 210 
Ty, JUNCTION TEMPERATURE (°C) 





Figure 4. Series Equivalent Input/Output Figure 5. MTTF Factor versus 
Impedance Junction Temperature 





Table 1. Common Emitter S-Parameters 
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MOTOROLA 


= SEMICONDUCTOR Se 
TECHNICAL DATA 


The RF Line 
Microwave Linear 
Power Transistor 


. .. designed primarily for large-signal output and driver amplifier stages in the 7.0-8.0 dB 

1.0 to 3.0 GHz frequency range. 1.0-3.0 GHz 

* Designed for Class A, Common-Emitter Linear Power Amplifiers 1.6 WATTS 
MICROWAVE LINEAR 


e Specified 20 Volt, 2.0 GHz Characteristics: 
Output Power — 1.6 Watts 
Power Gain — 7.0 to 8.0 dB 


e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


POWER TRANSISTOR 


¥ 


CASE 401, STYLE 1 
(GP-14) 





MAXIMUM RATINGS 


ating So [vans] 
[cotecorsecevetags | Vous |_| ve | 
°C 
°C 











| 

a 

pas vee | 

[Operating ncionepoamre | ty | oo | 

[Stage Tempore Range | Tay | -e 0 e200 | 
THERMAL CHARACTERISTICS 





ELECTRICAL CHARACTERISTICS : 
[_______Ghavacteotis——————<Sbot[in eee nt 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 20 mA, Ig = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = 20 MA, VBE = 0) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ig = 2.0 mA, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.5 mA, Ic = 0) 
Collector Cutoff Current Les al 


(Vc = 28 V, Ie = 0) 








ON CHARACTERISTICS 
DC Current Gain hrE 
(Ic = 200 mA, VcE = 5.0 V) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob pF 
(VcB = 28 V, IE = 0, f = 1.0 MHz) 
(continued) 
MOTOROLA RF DEVICE DATA MRW53502 
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ELECTRICAL CHARACTERISTICS — continued 


es Se 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 7.0 
(VCE = 20 V, Pout = 1.6 W, f = 2.0 GHz, IE = 230 mA) 


Load Mismatch v 
(VcE = 20 V, Pout = 1.6 W, f = 2.0 GHz, 
Load VSWR = »e:1, All Phase Angles) 


Out Frequeny (Base col dost) (ea lB 


Gain Linearity 
(VCE = 20 V, IE = 230 mA, f = 2.0 GHz, P94 = 1.6 W, Poa = 1.6 mW) 


Intermodulation Distortion, 3rd Order 
(VCE = 20 V, IE = 230 mA, Po (PEP) = 1.6 W, 
Tones at 2.0 GHz and 2.005 GHz) 


















No Degradation in Output Power 
















TYPICAL CHARACTERISTICS 





a s 
E z 
= & 
2 a 
a. n 
5 4. g 
? 
5 3 
‘S S 
oo . f=2GHz i 

TFLANGE = 25°C ° 

0 100 200 300 400 
Ie, EMITTER CURRENT (mA) Ig, EMITTER CURRENT (mA) 
Figure 1. 1.0 dB Compression Point versus Figure 2. Gain versus Emitter Current 


Emitter Current 


Ic, COLLECTOR CURRENT (mA) 





0 5 10 15 20 25 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 


Figure 3. DC Sate Operating Area 
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The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than +10% to the 
theoretical prediction for metal failure. Divide MTTF by I¢2 for 
MTTF in a particular application. 


10,000,000 
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= 1,000. 

100 120 140 160 = 180 200 220 = 240 
Ty, JUNCTION TEMPERATURE (°C) 
Figure 4. Series Equivalent Input/Output Figure 5. MTTF Factor versus 
Impedance Junction Temperature 
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MOTOROLA 


= SEMICONDUCTOR 2x 
TECHNICAL DATA 


The RF Line MRW53601 
Microwave Linear 


Power Transistor 


. .. designed primarily for wideband, large-signal output and driver amplifier 7.5-8.5 dB 
stages in the 1.0 to 3.0 GHz frequency range. 1.0-3.0 GHz 


e Designed for Class A or AB, Common-Emitter Linear Power Amplifiers 0.8 WATT 


MICROWAVE LINEAR 
e Specified 20 Volt, 3.0 GHz Characteristics: 
Output Power — 0.8 Watts 
Power Gain — 7.5 to 8.5 dB, Min 


e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors 


POWER TRANSISTOR 


MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 


Collector-Base Voltage 


THERMAL CHARACTERISTICS 


ELECTRICAL CHARACTERISTICS 


Characteristic |__Symbot Min 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(I¢ = 10 mA, Ip = 0) 
Collector-Emitter Breakdown Voltage V(BR)CES 
(I¢ = 10 mA, VBE = 0) 


CASE 328F, STYLE 1 
(GP-13) 








Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 1.0 mA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(IE = 0.25 mA, Ig = 0) 

Collector Cutoff Current IcBO 
(Vos = 28 V, IE = 0) 








ON CHARACTERISTICS 
DC Current Gain hre 120 
(Ic = 100 mA, VoE = 5.0 V) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob pF 
(Vop = 28 V, IE = 0, f = 1.0 MHz) 
(continued) 
MRW53601 MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS — continued 


[Characters dmb in | top [Max [Unit] 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 20 V, Pout = 0.8 W, f = 3.0 GHz) 


Load Mismatch y 
(VCE = 20 V, IE = 120 mA, Pout = 0.8 W, f = 3.0 GHz, No Degradation in Output Power 
Load VSWR = ©:1, All Phase Angles) 


[Scot eqwrey NoE=2Vigst@ma)———SSSSCdTSr | 


Gain Linearity Le -0.2 
(VCE = 20 V, IE = 120 mA, f = 3.0 GHz, P91 = 0.8 W, Pop = 0.8 mW) +1.0 
Intermodulation Distortion, 3rd Order 
(VcE = 20 V, IE = 120 mA, Po (PEP) = 0.8 W, 
Tones at 3.0 GHz and 3.005 GHz) 


TYPICAL CHARACTERISTICS 
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Figure 1. 1.0 dB Compression Point versus Figure 2. Gain versus Emitter Current 


Emitter Current 


ic, COLLECTOR CURRENT (mA) 





ee eeilacion oi esata pine Wena 


Figure 3. DC Safe Operating Area 
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MRW53601 
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MTTF FACTOR (HRS x AMP2) 
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Figure 4. Series Equivalent Input/Output Impedance 


Conditions: VcE = 20 V, IE = 120 mA, 
TFLANGE = 25°C 


The graph shown below displays MTTF in hours x ampere 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than +10% to the 
theoretical prediction for metal failure. Divide MTTF by I¢2 for 
MTTF in a particular application. 
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1,000,000 
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Ty, JUNCTION TEMPERATURE (°C) 


Figure 5. MTTF Factor versus 
Junction Temperature 








MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR Soo 
TECHNICAL DATA 


MRW54001 
MRW54601 


The RF Line 
Microwave Linear 
Power Transistors 


. .. designed primarily for large-signal output and driver amplifier stages in the 10-11 dB 
1.0 to 4.0 GHz frequency range. 1.0-4.0 GHz 


© Designed for Class A or AB, Common-Emitter Linear Power Amplifiers 0.5 WATT 


¢ Specified 20 Volt, 2.0 GHz Characteristics: ahi ca esi 
Output Power — 0.5 Watt 
Power Gain — 10 to 11 dB 


e 100% Tested for Load Mismatch at All Phase Angles with oo:1 VSWR 
e Gold Metallization for Improved Reliability 
e Diffused Ballast Resistors =< 


CASE 400, STYLE 1 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 


(TW200) 
MRW54001 





Emitter-Base Voltage 


Operating Junction Temperature 
Storage Temperature Range 





THERMAL CHARACTERISTICS CASE 328F, STYLE 1 





Thermal Resistance, Junction to Case Rac | 40 ~~ [°c 


ELECTRICAL CHARACTERISTICS 


[Characters «dbo to Moe] Un 
OFF CHARACTERISTICS 









Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(Ic = 10 mA, Ip = 0) 

Collector-Emitter Breakdown Voltage V(BR)CES Vde 
(Ic = 10 mA, VBE = 0) 

Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 1.0 mA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE = 0.25 mA, Ic = 0) 

Collector Cutoff Current ICBO made 
(Vos = 28 V, IE = 0) 








ON CHARACTERISTICS 
DC Current Gain hee 
(I¢ = 100 mA, VoE = 5.0 V) 
DYNAMIC CHARACTERISTICS : 
Output Capacitance Cob 
(Vcp = 28 V, IE = 0, f = 1.0 MHz) 
(continued) 
MOTOROLA RF DEVICE DATA MRW54001eMRW54601 
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Pout POWER OUTPUT (WATTS) 


ELECTRICAL CHARACTERISTICS — continued 


ps Characteristic Syembot in | tye | Mex | Unt | 


FUNCTIONAL TESTS 










Common-Emitter Amplifier Power Gain MRW54001 
(VCE = 20 V, Pout = 0.5 W, f = 2.0 GHz, IE = 120 mA) 


Common-Emitter Amplifier Power Gain MRW54601 ah) 
(VCE = 20 V, Pout = 0.5 W, f = 2.0 GHz, Ie = 120 mA) 
Load Mismatch y 


(VCE = 20 V, IE = 120 mA, Pout = 0.5 W, f = 2.0 GHz, 
Load VSWR = ©:1, All Phase Angles) 













Gain Linearity 
(VCE = 20 V, IE = 120 mA, f = 2.0 GHz, Po = 0.5 W, Poa = 0.5 mW) 


Intermodulation Distortion, 3rd Order 
(VcE = 20 V, IE = 120 mA, Po (PEP) = 0.5 W, 
Tones at 2.0 GHz and 2.005 GHz) 
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Figure 1. 1.0 dB Compression Point versus Figure 2. Gain versus Emitter Current 


Emitter Current 
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ao 
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g 5 & 
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Figure 3. Gain and 1.0 dB Compressed Power Figure 4. DC Safe Operating Area 
versus Frequency 
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Table 2. MRW54601 Common Emitter S-Parameters 


The graph shown below displays MTTF in hours x ampere2 
emitter current for each of the devices. Life tests at elevated 
temperatures have correlated to better than +10% to the 
theoretical prediction for metal failure. Divide MTTF by Io? for 
MTTF in a particular application. 
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Figure 5. MTTF Factor versus 
Junction Temperature 
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MOTOROLA 
= SEMICONDUCTOR 2 
TECHNICAL DATA 


The RF Line 
UHF Power Transistor 


The TP3005 is designed for 960 MHz base stations in both analog and digital 
applications. It incorporates high value emitter ballast resistors, gold metalliza- 
tions and offers a high degree of reliability and ruggedness. 





4.0 W, 960 MHz 
e Specified 26 Volts, 960 MHz Characteristics UHF POWER 
Output Power = 4.0 Watts TRANSISTOR 
Minimum Gain = 8.5 dB ; NPN SILICON 
Class AB 
Iq =60 mA 
MAXIMUM RATINGS 


Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 
afl : CASE 319, STYLE 2 





Operating Junction Temperature 


THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case (1) at 70°C Case Resc 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





[= haracterone «CSpot [ne [me [tat 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(I¢ = 15 mA, Ree = 75 Q) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(i¢ = 3.0 mAdc) 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ie = 15 mAdc) 
Collector-Emitter Leakage ICER mA 
(VcE = 26 V, Rpg = 75 Q) 
ON CHARACTERISTICS 


DC Current Gain nFE 
(Ig = 0.5 Ade, Veg = 10 Vde) 


NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Cheater [mine Mee [Oe 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 75 
(Vcp = 26 V, Ig = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 26 V, Pout = 4.0 W, Icq = 60 mA, f = 960 MHz) 


Load Mismatch ka 
No Degradation in Output Power 
Oi hee 4.0 W, icq = 60 mA, Load VSWR = 5:1, Behera ahd After Tekt 


Collector Efficiency 
(Voc = 26 V, Pout = 4.0 W, f = 960 MHz) 


Power Saturation Pip = 1.0 W 





+Vcoc 


C2 RF OUTPUT 








RF INPUT 502 
502 | 
*Contact with RF Transistor Ri — Chip Resistor 2.2 © 1206 5% 
C1 — Capacitor Chip 0805 22 pF 5% R2— Chip Resistor 51 Q 0805 5% 
C2, C3, C6, C8 — Capacitor Chip 0805 330 pF 5% R3 — Chip Resistor 470 2 0805 5% 
C4, C7 — Capacitor Chip 0805 15 nF 5% to be adjusted for iq = 60 mA 
C5, C9 — Capacitor Chip 0805 6.0, 8.0 nF 35 V T1 — SMD Transistor BCX54 or Similar 
D1, D2 — SMD Diode T3 — Voltage Regulator 7805 
Board Material — 0.8 mm, Epoxy Glass, Cu Clad, 2 Sides, 
35 um Thick 
Figure 1. 960 MHz Test Circuit 
MOTOROLA RF DEVICE DATA TP3005 
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2 2* 
5 B 
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2. f = 960 MHz O2 
e LIA [TT Tt tT tT tT Iq = 60 mA oo 
7Zl_t tt tT Pp es { 
A | | | f jy yy at ey a eT 
pALL TP ee 7 cae DE DS CRE 
0.2 0.4 0.6 0.8 1 12 1.4 900 920 940 960 980 
Pin, INPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 


Po, OUTPUT POWER (WATTS) 
Gp , POWER GAIN (8) 


Tic» COLLECTOR EFFICIENCY (2%) 





900 920 940 + 960 980 
Voc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 


Figure 4. Output Power versus Supply Voltage Figure 5. Typical Broadband Circuit Performance 


Pout=4.0W Vop=26V 
f ZiN Zo." 
MHz OHMS OHMS 
850 | 814j17 | 6.7-j11 
900 | 9.14+j12.7} 4.0-j10 
950 |13.94j44 | 3.2-j6.1 


ZoL* = Conjugate of the optimum load 
impedance. Into which the device 
operates at a given output power, 
voltage, and frequency. 









Figure 6. Series Equivalent Input/Output Impedances 
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al 
SCALE 0.75:1 


Figure 7. Test Circuit — Photomaster 





Figure 8. Test Circuit — Component Locations 
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MOTOROLA 
= SEMICONDUCTOR a 
TECHNICAL DATA - 


The RF Line TP3006 
NPN Silicon 
RF Power Transistor 


The TP3006 is designed for cellular radio base station amplifiers up to 960 
MHz. It incorporates high value emitter ballast resistors, gold metallizations and 5 W, 870-960 MHz 
offers a high degree of reliability and ruggedness. The TP3006 also features RF POWER TRANSISTOR 
input and output matching networks and high impedances. It can easily operate NPN SILICON 
in a full 870—960 MHz bandwidth in a simple circuit. 


e Class AB Operation 

e Specified 26 Volts, 960 MHz Characteristics 
Output Power — 5 Watts 
Gain — 9 dB min 
Efficiency — 45% min 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 


Collector-Current — Continuous 


Storage Temperature Range 
Operating Junction Temperature 


Tota! Device Dissipation @ To = 25°C 


CASE 319, STYLE 2 
Derate above 25°C 





THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case (1) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





[—ehacterete «CSS [wn We | Mor] unt 
OFF CHARACTERISTICS 










Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(Ig = 15 MA, Ree = 75 Q) 
Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 4 mAdc) 
Collectof-Base Breakdown Voltage V(BR)CBO Vde 
(Ig = 15 mAdc) 
Collector-Emitter Leakage ICER 4 mA 
(VcE = 26 V, Ree = 75 Q) 





ON CHARACTERISTICS 
DC Current Gain hFE 100 
(Ic = 0.5 Adc, Veg = 10 Vde) 
NOTE: (continued) 


1. Thermal resistance is determined under specified RF operating condition at temperature test point (see drawing of the package). 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[——<Gharacride SS «CSymbon win[e TeTU 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vcp = 26 V, Ie = 0, f= 1 MHz) 


FUNCTIONAL TESTS IN CW 


Common-Emitter Amplifier Power Gain 
(Voc = 26 V, Pout = 5 W, Icq = 50 mA, f = 960 MHz) 


Collector Efficiency 


(Voc = 26 V, Pout = 5 W, Iq = 50 mA, f = 960 MHz) 





FUNCTIONAL TESTS IN 2 TONES 


3rd Order intermodulation 
(Voc = 26 V, Ppeak= 5 W, icq = 50 mA, f = 900 MHz) 


5th Order Intermodulation 
(Vcc = 26 V, Ppeak= 5 W, Icq = 50 mA, f = 900 MHz) 
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Figure 1. Series Equivaient Input and Output impedances 
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Ci 

C2,C3 
C4,C7 
C5,C9 
C6,C8 
D1,D2 


RF INPUT 


| C1 
= ‘CONTACT WITH RFTRANSISTOR = 
50Q 





22 pF, 5%, Chip Capacitor 0805 R1 
330 pF, Chip Capacitor 0805 R2 
15 nF, 5%, Chip Capacitor 0805 R3 
6.8 F, 35 V, Chip Capacitor 0805 Ti 
330 pF, Chip Capacitor 0805 T2 


SMD Diode 


RF OUTPUT 


— 


2.2 Q, 5%, Chip Resistor 1206 

51 Q, 5%, Chip Resistor 0805 

470 Q, 5%, Chip Resistor 0805 to be adjusted for iq = 50 mA 
SMD Transistor, BCX54 or Similar 

Voltage Regulator 7805 


Figure 2. 960 MHz Electrical Schematic 


TYPICAL CHARACTERITICS 
CW - WIDEBAND 
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TYPICAL CHARACTERITICS 
CW - WIDEBAND 











a 

BE 

= = 
> oc 
Oo wi 
a 8 
2 Ee 
i 5 
4 & 
= VoE =28V fo} 

Ioq = 50 mA 3 

f= 960 MHz o 

2 3 5 6 7 0 01 02 03 04 06 07 0.9 
Pout SRR POWER (WATTS) Pout, OUTPUT pea (WATTS) 
Figure 5. Collector Efficiency versus Output Power Figure 6. Output Power versus Input Power 
41 
Ll 
OUTPUT 
SCALE 0.75:1 
Figure 7. Photomaster 
EPOXY GLASS 0.8 mm GI 180 PERSTORP DOUBLE SIDE 35 jm Cu. 
Figure 8. 960 MHz Test Circuit Components View 
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MOTOROLA 


= SEMICONDUCTOR jg 
TECHNICAL DATA 


The RF Line 
NPN Silicon 
RF Power Transistor 


The TP30078S is designed for 24 volts common emitter base station 
amplifiers, operating up to 1 GHz bandwidth. It has been specifically designed 2 W, 960 MHz 
for use in analog and digital Global System Mobile (GSM) systems. The RF POWER TRANSISTOR 
studless package offers a possibility for surface mounting. NPN SILICON 
e Specified 24 Volts, 960 MHz Characteristics 
Output Power — 2 Watts 
Gain — 9 dB min 
Efficiency — 50% min, 2 Watts 
e Characterized with Series Equivalent Large-Signal Parameters from 
920-960 MHz 
e Silicon Nitride Passivated 


e Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration 


e Class AB Operation 





SOE200 STUDLESS 
CASE 305B, STYLE 1 





MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 





THERMAL CHARACTERISTICS 
[Carters SS~*dCSymbt Tx 
[Theil Resistance Juncionto Caso (Sueless) ————————S—*d Ro P| iC 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[characteristic «dmb [min typ | Max | Unt 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CER 
(Ic = 5 mAdc, Rpg = 75 Q) 


Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 5 mAde, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 1 mAde, Ic = 0) 


NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


fies soe gs ee ee | | eee 


ON CHARACTERISTICS 


DC Current Gain hee 
(Ice = 0.1 Ade, Vog = 5 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance 
(Vos = 26 Vade, Ig = 0, f= 1 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 24 Vde, Pout = 2 W, ICQ = 30 mA, f = 960 MHz) 


Collector Efficiency 
(Voc = 24 Vde, Pout = 2 W, Icq = 30 mA, f = 960 MHz) 


Output Mismatch Stress 
(Voc = 24 Vde, Poyt =2 W, icq = 30 mA, f = 960 MHz, Load 
VSWR = 10:1, all phase angles at frequency of test) 
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f = 820 MHz 960 





Output Impedances with circuit tuned for maximum gain 
@ Voc = 24 V, Pout = 2 W 


Basa 
240/61 
eco aseiss 


ZoOL* = Conjugate of optimum load impedance 
into which the device operates at a given 
output power, voltage, current and frequency. 





Figure 1. Series Equivalent Input and Output Impedances 
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45 V (Adjust for icq) 






RF OUTPUT 
50Q 


C1 3.9 pF, ATC Chip Capacitor 100A C10 15 nF, Chip Capacitor 
C2,C6 100 pF, ATC Chip Capacitor 100A D1,D2 Diode, BAS16 

C3,C5  15nF, Chip Capacitor 0805 Ri 2.2 Q, Chip Resistor 1206 
C4 10 pF, 16 V, Capacitor R2 1.2 kQ, Chip Resistor 1206 
C7 15 nF, Chip Capacitor 0805 R3 68 Q, Chip Resistor 1206 
cs 47 pF, Chip Capacitor 100A 1 Transistor, MJD31C 

cg 4.7 uF, 50 V, Capacitor 


Figure 2. 960 MHz Electrical Schematic 








TYPICAL CHARACTERISTICS 
= 

= = 
oc 
Ww uw 
= = 
= 2 
: : 
3 3 

Re a {= 960 MHz 

Icq =30 mA 

Pin, INPUT POWER (WATTS) Voc. SUPPLY VOLTAGE (VOLTS) 
Figure 3. Output Power versus Input Power Figure 4. Output Power versus Supply Voltage 
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TYPICAL CHARACTERISTICS . 


Poyt» POWER OUTPUT (WATTS) 





f, FREQUENCY (MHz) 


Figure 5. Output Power versus Frequency 


24V 





Mm. .: 
SCALE 0.75:1 


TEFLON® GLASS 0.508 mm 2 SIDES 35 xm Cu 
Figure 6. PC Board Photomaster 


OUTPUT 





Figure 7. 960 MHz Test Circuit Components View 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line TP3008 
RF Power Transistor 


The TP3008 is designed for 960 MHz cellular radio base stations in both 
analog and digital applications. It incorporates high value emitter ballast 
resistors, gold metallizations and offers a high degree of reliability and 
ruggedness. 4 W, 960 MHz 
* Specified 24 Volts, 960 MHz Characteristics RF cor 

Output Power — 4 Watts 

Gain — 11.5 dB min 

Efficiency — 45% min 
e Class AB Operation 





MAXIMUM RATINGS 


Coliector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range 
Operating Junction Temperature 


THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


CASE 319, STYLE 2 





[_______Charectrsie «dS Symbol wn wp [Mor [Unt 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(ic = 15 mA, Rpg = 75 2) 


Collector-Emitter Breakdown Voltage 
(I¢ = 3 mAdc) 


Emitter-Base Breakdown Voltage 
(IE = 2 mA, Ic = 0) 


Collector-Emitter Leakage 
(VCE = 26 V, Ree = 75 Q) 








ON CHARACTERISTICS 
DC Current Gain 15 
(Ic = 0.2 Ade, Voge = 5 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance . Cob 
(VCE = 24 V, le =0, f= 1 MHz) 
(continued) 
TP3008 MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a dT | ee ae 


FUNCTIONAL TESTS (Vcc = 24 V, f= 960 MHz) 


Common-Emitter Amplifier Gain 11.5 
(Pout = 4 W, Icq = 50 mA) 

Collector Efficiency Yo 
(Pout = 4 W, Icq = 50 mA) 


Load Mismatch a 


(Pout = 4 W, Icq =50 mA, Load VSWR = 5:1, all phase angles at No Degradation in Output Power 
frequency of test) 
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Output impedance with circuit tuned for maximum gain 
@ Pout=4W, VcE=24V 
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ZoL* = Conjugate of optimum load impedance 
into which the device operates at a given 
output power, voltage, current and frequency. 


Figure 1. Series Equivalent Input and Output Impedance 
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RF INPUT 


Components List 
C1,C3 100 pF, ATC Chip Capacitor 100A 
c2 1 to 5 pF, Trimmer Capacitor 


C4,C7 330 pF, Chip Capacitor 0805 
C5,C8 10nF, Chip Capacitor 0805 
C6 15 pF, 63 V, Capacitor 

cg 100 pF, 16 V, Capacitor 





D1,D2 Diode, BAS16 


1 kQ, Trimmer 

1 kQ, Resistor 

56 Q, 0805 Resistor 

Transistor, NPN Type, MJD31C 


Figure 2. 960 MHz Electrical Schematic 


TYPICAL CHARACTERISTICS 
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Pin, INPUT POWER (mWATTS) 


Figure 3. Output Power versus Input Power 
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Foyt» OUTPUT POWER (WATTS) 





f, FREQUENCY (MHz) 


Figure 4. Output Power versus Frequency 


MOTOROLA RF DEVICE DATA 


Pats OUTPUT POWER (WATTS) 


Pin = 350 mW 





18 20 22 24 26 28 30 32 
Voce, SUPPLY VOLTAGE (VOLTS) 


Figure 5. Output Power versus Supply Voltage 
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J 
SCALE 0.75:1 





Figure 6. Photomaster 





TEFLON® GLASS 1/50 INCH ey = 2.55 


Figure 7. 960 MHz Test Circuit Components View 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
UHF Power Transistor 


The TP3019S is designed for 24 V common emitter base station amplifiers. 
Operating in the 820-960 MHz bandwidth, the device has been specifically 
designed for use in analog and digital (GSM) systems. 





2.0 W, 960 MHz 
e Specified 24 Volts, 960 MHz Characteristics UHF POWER 
Output Power = 2.0 Watts TRANSISTOR 
Minimum Gain = 9.0 dB NPN SILICON 
Class AB 
lq =20 mA 
MAXIMUM RATINGS 


pain Syrmbot_] Value | Unit | 
Collector-Emitter Voltage VCER | 40 


Collector-Base Voltage VcBo | 50 
Emitter-Base Voltage VEBO 






Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 12.5 
Derate above 25°C 0.15 

Storage Temperature Range —65 to +150 

Operating Junction Temperature re eS ay 


aX 





| Ade 
Watts 
wrc 







THERMAL CHARACTERISTICS 


Characteristic | Unit | 


Thermal Resistance, Junction to Case (1) Resc °CWW 
at 70°C Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





CASE 305A, STYLE 1 
TP3019S 





ae eee ees Oe ed ae ee 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(Ic = 5.0 mA, Ip = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(Ic = 1.0 mAdc) 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(iE = 5.0 mAdc) 

Collector-Emitter Leakage IcES mA 
(VCE = 20 V) 





ON CHARACTERISTICS 
DC Current Gain hee 15 150 
(Ic = 1.0 Adc, VcE = 5.0 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 
(Vc = 25 V, IE = 0, f = 1.0 MHz) 
NOTE: (continued) 


1. Thermal resistance is determined under specified RF operating condition. 





TP3019S MOTOROLA RF DEVICE DATA 
2-764 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 
a 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 24 V, Pout = 2.0 W, Icq = 20 mA, f = 960 MHz) 


Load Mismatch 
(Voc = 24 V, Pout = 2.0 W, Icq = 20 mA, Load VSWR = 20:1, 


No Degradation in Output Power 


at all phase angles) Before and After Test 












vA RF OUTPUT 
RF INPUT 50Q 
50Q 
*Contact with RF Transistor 
C1, C6, C10, C11 — Capacitor Chip 0805 330 pF 5% L3 — Microstrip Line 25 QL =6mm 
C2, C4, C5 — Trimmer Capacitor 0.5—4.0 pF L4 — Microstrip Line 50 Q L = 28 mm 
C3 — Capacitor Chip 0805 3.9 pF 5% P1 — Trimmer 5.0 kQ 
C7 — Capacitor Chip 0805 6.0, 8.0 pF 35 V R1 — Resistor 1.0 kQ 5% 
C9, C12 — Capacitor Chip 0805 15 nF 5% R2 — Resistor 100 Q 2.0 W 
CH1 — Microstrip Line 80 QL = 23mm R3 — Chip Resistor 75 Q 0805 5% 
CH2 — 3 Turns Wire 8/10 ID 4mm T1 — Transistor BD135 or Similar 
D1, D2 — Diode 1N4148 Board Material — 1/50”, Tefion Glass, Cu Clad 2 Sides, 
L1— Microstrip Line 50 QL = 12 mm 35 pm Thick 
L2 — Microstrip Line 25 QL=6mm 
Figure 1. 960 MHz Test Circuit 
MOTOROLA RF DEVICE DATA TP3019S 


2-765 


Pout, OUTPUT POWER (WATTS) 





04 0.2 0.3 0.4 0.5 06 07 
Pin, INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 





Pout=2.0W VcE=24V 


ZIN Zou” 
OHMS OHMS 






850 | 5.8+j9.8 | 21.3-j10 
900 | 5.4+j9 21-j11 
950 | 48+j7.9 | 20-j14 


Zov’* = Conjugate of the optimum load 
impedance. Into which the device 
operates at a given output power, 
voltage, and frequency. 





Figure 3. Series Equivalent Input/Output Impedances 





TP3019S MOTOROLA RF DEVICE DATA 
2-766 





fem 90 mm es 


(Not to Scale) 
Figure 4. Test Circuit — Photomaster 


+Vcc GROUND 





INPUT OUTPUT 





Figure 5. Test Circuit — Component Locations 





MOTOROLA RF DEVICE DATA TP3019S 
2-767 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


Aavance Information TP3020A 
The RF Line 
UHF Power Transistor 


The TP3020A is designed for use in the 900 MHz mobile radio band. Its high 


gain and ability to operate Class A makes it an ideal choice as a driver operating 2.2 W, 960 MHz 
Class A, Class B or Class C. UHF POWER 
e 960 MHz TRANSISTOR 
° 2.2W— Pout NPN SILICON 





° 36 V—Vcoc 
e High Gain — 9.0 dB, Class A 


MAXIMUM RATINGS 


Simba 
Emitter-Base Voltage VEBO | 38 | Vdc 


CASE 244-04, STYLE 1 
(.280 SOE) 





THERMAL CHARACTERISTICS 


Oe 





ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


Pea og CRON Se Sobel | Mee Mee Oa 


OFF CHARACTERISTICS 


Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(IE =0.5 mA, Ic = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 40 Vde 
(ig = 10 mA, Rpg = 75 Q) 

Collector Cutoff Current ICBO mAdc 
(Vc = 24 V, le = 0) 





ON CHARACTERISTICS 
DC Current Gain hee 15 120 
(Ig = 100 mA, VoE = 5.0 V) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 
(Vop = 28 V, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 





(VCE = 26 V, Pout = 2.2 W, f = 960 MHz, Iq = 200 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 





TP3020A MOTOROLA RF DEVICE DATA 
2-768 


MOTOROLA 
= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
UHF Power Transistor 


The TP3021 is designed for 24 V common emitter base station amplifiers. 
Operating in the 820-960 MHz bandwidth, it has been specifically designed for 
use in analog and digital (GSM) systems as a medium power output device. 





10 W, 960 MHz 
e Specified 24 Volts, 960 MHz Characteristics UHF POWER 
Output Power = 10 Watts TRANSISTOR 
Minimum Gain = 10 dB NPN SILICON 
Class AB 
lq=60 mA 


MAXIMUM RATINGS 





CASE 319, STYLE 2 





THERMAL CHARACTERISTICS 


[eharacteratio «dT SSymbot [axnt— 
Thermal Resistance, Junction to Case (1) at 70°C Case Reuc a eee ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


a nt NR a eer | tM | Eee | 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 25 mA, Ree = 75 ©) 
Emitter-Base Breakdown Voltage 
(I¢ = 5.0 mAdc) 


Collector-Base Breakdown Voltage 
(IE = 50 mAdc) 


Collector-Emitter Leakage 
(VCE = 26 V, Ree = 75 Q) 





ON CHARACTERISTICS 


DC Current Gain hE 100 
(Ic = 1.0 Adc, VCE = 10 Vdc) 


NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 





MOTOROLA RF DEVICE DATA TP3021 
2-769 


ELECTRICAL CHARACTER UC — continued (Tc = 25°C unless otherwise noted.) 


ee eee ae 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(VoB= 24 V, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 
(Voc = 24 V, Pout = 10 W, Icq = 60 mA, f = 960 MHz) 


Load Mismatch 


(Voc = 26 V, Pout = 10 W, Ioq = 60 mA, 
Load VSWR = 20:1, at all phase angles) necana bias 


Collector Efficiency 
(Voc = 24 V, Pout = 10 W, f = 960 MHz) 


No Degradation in Output Power 





RF OUTPUT 
50Q 





RF INPUT 
50 


*D2 is in Physical Contact with RF Transistor L1— Microstrip Line 50 QL = 20 mm 
C1, C10, C11, C15 — Capacitor Chip 0805 330 pF 5% L2— Microstrip Line 25 QL = 13 mm 
C2, C4, C8, C9 — Trimmer Capacitor 0.5—4.0 pF L3— Microstrip Line 25 QL = 10 mm 
C4 — Capacitor Chip 0805 3.9 pF 5% L4— Microstrip Line 50 9L = 5 mm 
C5, C6 — Capacitor Chip 15 pF HQ L5 — Microstrip Line 50 QL = 7mm 
C7 — Chip Resistor 0805 8.2 pF P1 — Trimmer 5.0 ko 

C12, C16 — Capacitor Chip 0805 15 nF 5% Ri — Chip Resistor 2.2 Q 1206 5% 
C17, C18 — Capacitor Chip 0805 6.0, 8.0 uF 35 V R2 — Chip Resistor 75 Q 0805 5% 
CH1 — Microstrip Line 80 QL = 40 mm R3 — Resistor 100 22.0 W 

CH2 — Microstrip Line 80 2 L = 23 mm R4 — Resistor 1.0 kQ 5% 

D1, D2 — Diode. 1N4148 T1 — Transistor BD135 or Similar 


Board Material — 1/50”, Teflon Glass, Cu Clad 2 Sides, 35 ym Thick 


Figure 1. 960 MHz Test Circuit 





TP3021 MOTOROLA RF DEVICE DATA 
2-770 


Pout» OUTPUT POWER (WATTS) 


MOTOROLA RF DEVICE DATA 





Pins INPUT POWER (WATTS) 


Figure 2. Output Power versus Input Power 


Z ss 
~Zin 
~ eet 8508 
t= 950 MHz. 

~ 


—~ 





Pout=10W VoE=24V 


f ZIN ZoL* 
MHz OHMS OHMS 






850 2.44535 
900 2.6 + j3.4 
950 2.8 + j3.4 


Zo_* = Conjugate of the optimum load 





impedance. Into which the device 
operates at a given output power, 


voltage, and frequency. 


Figure 3. Series Equivalent Input/Output Impedances 





TP3021 
2-771 








(Not to Scale) 
Figure 4. Test Circuit — Photomaster 
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Figure 5. Test Circuit — Component Locations 





TP3021 MOTOROLA RF DEVICE DATA. 
2-772 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line TP3022B 
UHF Power Transistor 


The TP3022B is designed for common-emitter operation in the 900 MHz 
mobile radio band. Use of gold metallization and silicon diffused ballast 
resistors results in a medium power output/driver transistor with state-of-the-art 





SeReA 15 W, 960 MHz 
ruggedness and reliability. NPN SILICON 
e Specified 26 Volts, 960 MHz Characteristics: UHF POWER 

Output Power = 15 Watts TRANSISTOR 
Minimum Gain = 8.5 dB 


lq =50 mA 
e Class AB Operation 


MAXIMUM RATINGS 





THERMAL CHARACTERISTICS 


om [ti CASE 319, STYLE2 
Thermal Resistance, Junction to Case (1) Roc tee °Ccw 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


OFF CHARACTERISTICS (1) 

Collector-Emitter Breakdown Voltage V(BR)CER 40 Vde 
(Ic = 10 mA, Ree = 75 Ohms) 

Collector-Emitter Leakage ICER mA 
(VCE = 26 V, RBeE = 75 Ohms) 

Emitter-Base Breakdown Voltage V(BR)EBO Vdc 
(Ic = 5.0 mAdc) 

Emitter-Base Leakage mA 
(VBE = 2.5 V) 








ON CHARACTERISTICS 
DC Current Gain ; hee 15 100 
(Ic = 500 mA, VcE = 10 V) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 17 pF 
(Vc = 24 V, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain GpE 
(VCE = 26 V, Pout = 15 W, f = 960 MHz, Iq = 50 mA) 





Collector Efficiency Nc 45 % 
(VCE = 26 V, Pout = 15 W, f = 960 MHz, Iq = 50 mA) 


NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 


MOTOROLA RF DEVICE DATA TP3022B 
2-773 





MOTOROLA 
= SEMICONDUCTOR =x 
TECHNICAL DATA 


The RF Line TP3024B 
UHF Linear Power Transistor 


The TP3024B is a balanced transistor designed specifically for use in cellular 
radio systems. This device permits the design of a Class AB push-pull, high 
gain, broadband amplifier having a high degree of linearity without the need for 
complicated biasing circuitry. 


35.5 W, 960 MHz 
e Specified 26 Volts, 960 MHz Characteristics: UHF LINEAR POWER 
Output Power = 35.5 W TRANSISTOR 
Minimum Gain = 7.5 dB 





lQtotal = 150 mA 
e Push-Pull Configuration 


MAXIMUM RATINGS 


[ating YS yibot [ Vato [Uni 































eee ez 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characters | ‘Symbol win | Te | Mex | Oni 


OFF CHARACTERISTICS 

Collector-Emitter Breakdown Voltage V(BR)CER 40 Vde 
(ig = 10 mA, Rpg = 75 Ohms) 

Collector-Emitter Leakage ICER 
(VcE = 26 V, Ree = 75 Ohms) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(I¢ = 5.0 mAdc, Ic = 0) 

Emitter-Base Leakage 
(VBE = 2.5 V) 


ON CHARACTERISTICS (2) 


DC Current Gain 
(Ic = 500 mA, VcE = 10 V) 


DYNAMIC CHARACTERISTICS (1) 


Output Capacitance Cob 17 
(Vos = 24 V, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS (3) 


Common-Emitter Amplifier Power Gain 75 
(VCE = 26 V, Pout = 35.5 W, f = 960 MHz, 'Qiotal = 150 mA) 


Thermal Resistance, Junction to Case (1) 


CASE 395, STYLE 1 
(Toe = 75°C) 


Operating Junction Temperature | tT | 2000 | cI 
THERMAL CHARACTERISTICS 




















Collector Efficiency Nec % 
(VCE = 26 V, Pout = 35.5 W, f = 960 MHz, 'Qiotal = 150 mA) 


NOTE: 
1. Thermal resistance is determined under specified RF operating condition. 
2. Each transistor chip measured separately. 
3. Both transistor chips operating in push-pull amplifier. 





TP3024B MOTOROLA RF DEVICE DATA 
2-774 


MOTOROLA 
= SEMICONDUCTOR Sa 


TECHNICAL DATA 

The RF Line 

NPN Silicon 

RF Power Transistor 


The TP3032 is designed for 26 volts, common emitter, 960 MHz base station 


amplifiers, for use in analog and digital systems. 21 W, 960 MHz 
e Specified 26 Volts, 960 MHz Characteristics RF POWER TRANSISTOR 
Output Power — 21 Watts NPN SILICON 


Gain — 7.5 dB min 
e Silicon Nitride Passivated 


¢ Gold Metallized, Emitter Ballasted for Long Life and Resistance to 
Metal Migration 


e Class AB Operation 





MAXIMUM RATINGS 


Collector-Emitter Voltage VCER | 40 [Vac | 
Collector-Base Voltage VcBO Vde 
Emitter-Base Voltage VEBO 





Collector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


CASE 319, STYLE 2 





THERMAL CHARACTERISTICS 


Symbol [_wax—*[ Unit‘ 
Thermal Resistance, Junction to Case (1) Resc °C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


pe Ohtani Sn Min Mae] att 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(I¢ = 30 mA, Reg = 75 Q) 


Emitter-Base Breakdown Voltage 
(le = 5 mAdc) 


Collector-Base Breakdown Voltage 
(I¢ = 30 mAdc) 


Collector-Emitter Leakage 
(VcE = 26 V, Ree = 75 Q) 





ON CHARACTERISTICS 
DC Current Gain hee 15 
(I¢ =1 Adc, Vg = 10 Vdc) 
NOTE: (continued) 


1. Thermal resistance is determined under specified RF operating condition. 





MOTOROLA RF DEVICE DATA TP3032 
2-775 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[Characters ymbot win [We me [ont 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vc = 26 V, IE = 0, f = 1 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Gain 
(Voc = 26 V, Pout = 21 W, Icq = 100 mA, f = 960 MHz) 


Load Mismatch 
(Voc = 26 V, Pout = 21 W, Icq = 100 mA, Load VSWR = 5:1, at No Degradation in Output Power 
All Phase Angles at Frequency of Test) 


Collector Efficiency n 
(Voc = 26 V, Pout = 21 W, f = 960 MHz) 

Over Drive 
(Voc = 26 V, Pin = 6 W, f = 960 MHz) 
















No Degradation in Output Power 










































































































































2 Ey, 
g 1B 
HH f = 860 MHz Se 
» f= 860 MHz, Se 
3 ZoL* 
Zin 12: 980 
0 Cette 

960 2 

8 














VCE =26V Pout = 21W 





3.55 - ji. 2.6 +j2.15 
ZoL* = Conjugate of optimum load impedance 


into which the device operates at a given 
output power, voltage, current and frequency. 


Figure 1. Series Equivalent Input and Output Impedances 





TP3032 MOTOROLA RF DEVICE DATA 


2-776 


Pout  OUTPUT.POWER (WATTS) 








Components List 


C1 300 pF, ATC Chip Capacitor 100B 

c2 12 pF, ATC Chip Capacitor 100A 

C3 10 pF, ATC Chip Capacitor 100A 

C4 1-—4.5 pF, Johanson Capacitor 9410-0 
C5 6.8 pF, ATC Chip Capacitor 100A ~ 
C6 82 pF, ATC Chip Capacitor 100B 


C7,C8,C11 330 pF, Chip Capacitor 
C9,C12 15 nF, Chip Capacitor 
C10,C13. 6.8 pF, 35 V, Tantalum Capacitor 


D1,D2 Diode, 1N4148 

FB Ferrite Bead. 

Ri 75 Q, Chip Resistor 1206 
R2 10 kQ, Trimmer Resistor 
R3 1 kQ, 1/2 W, Resistor 

R4 82 Q, 3 W, Resistor 

R5 1 Q, 1/4 W, Resistor 

T1 Transistor, BD135 


Figure 2. 960 MHz Test Circuit Schematic 


TYPICAL CHARACTERISTICS 


Pout » OUTPUT POWER (WATTS) 


Pin, INPUT POWER (WATTS) 


Figure 3. Output Power versus Input Power 


Pj, » OUTPUT POWER (WATTS) 
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Figure 4. Output Power versus Frequency 





Voc, SUPPLY VOLTAGE (VOLTS) 


Figure 5. Output Power versus Supply Voltage 


MOTOROLA RF DEVICE DATA 





TP3032 
2-777 











SCALE 0.75:1 
TEFLON® GLASS 0.5 mm - DOUBLE SIDE 35 um CU. 


Figure 6. Photomaster 
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Figure 7. Test Circuit Components View 





TP3032 MOTOROLA RF DEVICE DATA 
2-778 


MOTOROLA 
= SEMICONDUCTOR Ss 


TECHNICAL DATA 

The RF Line 

NPN Silicon 

RF Power Transistor 


The TP3034 is designed for 960 MHz cellular radio base stations in both 
analog and digital applications. It incoporates high value emitter ballast 35 W, 960 MHz 
resistors, gold metallizations and offers a high degree of reliability and RF POWER TRANSISTOR 
ruggedness. NPN SILICON 
e Specified 24 Volts, 960 MHz Characteristics 
Output power — 35 Watts 
Gain — 7 dB Min 
Efficiency — 50% Min 

e Class AB Operation 





MAXIMUM RATINGS 





CASE 319, STYLE 2 





THERMAL CHARACTERISTICS 


Characteristic 
Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 





ee 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
(Ic = 50 mA, Reg = 75 Q) 


Collector-Base Breakdown Voltage 
(Ic = 50 mAdc) 


Emitter-Base Breakdown Voltage 
(IE = 6 mA, Ic = 0) 


Collector-Emitter Leakage 
(VCE = 26 V, Ic = 1 A, Reg = 75 Q) 








ON CHARACTERISTICS 
DC Current Gain he 
(Ic = 1 Ade, Vog = 10 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 
(VcB = 24 Vde, le =0,f=1 MHz) 
(continued) 
MOTOROLA RF DEVICE DATA TP3034 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


[—haactrsio ‘Sembee wer [ne 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Gain Gp, 7 
(Pout = 35 W, Ic = 60 MA, Voc = 24 V, f = 960 MHz) 

Collector Efficiency ney 55 % 
(Pout = 35 W, Voc = 24 V, f= 960 MHz) 


Load Mismatch F 
(Pout = 35 W, Icg = 60 MA, Voc = 24 V, f = 960 MHz, sep sivit 7 
Load VSWR = 20:1, All Phase Angles at frequency of test) 


Input Return Loss 

(Pout = 35 W, Ioq = 60 mA, Voc = 24 V, f = 960 MHz) 
Common-Emitter Amplifier Gain 

(Pout = 15 W, Icq = 100 mA, Voc = 25 V, f = 960 MHz) 
Collector Efficiency 

(Pout = 15 W, Icq = 100 mA, Voc = 25 V, f = 960 MHz) 





+5 VOLTS 
© 










RF OUTPUT 
Ease) 50Q 
RF INPUT = C10 
50.2 Cit 
C1 
C2 = = 
C1, C3 100 pF, ATC Chip Capacitor 100A D1,D2 Diode, Type BAS16 
C2, C11 0.5-20 pF, Trimmer Capacitor P41 1 kQ, Trimmer 
C4, C7 330 pF, Chip Capacitor 0805 Ri 1 kQ, Resistor 0805 
C5, C6,C12,C13 10nF, Chip Capacitor 0805 R2 56 Q, Resistor 0805 
C6 4.7 uF, 50 Volts, Capacitor R3 2.2 Q, Resistor 0805 
cg 10 pF, 16 Volts, Capacitor T1 Transistor, NPN Type MJD31C 
C10 5.6 pF, ATC Chip Capacitor 100A 
Figure 1. 960 MHz Electrical Schematic 
TP3034 MOTOROLA RF DEVICE DATA 


2-780 


Pout. OUTPUT POWER (WATTS) 





TYPICAL CHARACTERISTICS 


Pout, OUTPUT POWER (WATTS) 





Pin, INPUT POWER (WATTS) {, FREQUENCY (MHz) 


Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 


DaGRaRaRERBE RR 
RReRRAEEe aaa 
|| er a 


Pout, OUTPUT POWER (WATTS) 





Vee, SUPPLY VOLTAGE (VOLTS) 


Figure 4. Output Power versus Supply Voltage 











VoE=24V Pout = 35 W 


4.5 +]7.4 2.44j1.7 








Peco | esre | 2sits 
ZoOL* = Conjugate of optimum load impedance 


into which the device operates at a given 
output power, voltage, current and frequency. 






Figure 5. Series Equivalent Input and Output Impedances 


MOTOROLA RF DEVICE DATA TP3034 


2-781 





INPUT 





(Not to Scale) 


TEFLON® GLASS 1/50 INCH - DOUBLE SIDE 35 p Cu. e, = 2.55 


Figure 6. Photomaster 





Figure 7. Test Circuit Components View 


TP3034 MOTOROLA RF DEVICE DATA 
2-782 


MOTOROLA 


= SEMICONDUCTOR Sa 
TECHNICAL DATA 


The RF Line 
UHF Power Transistor 


The TP3061 is designed for 960 MHz mobile base stations in both analog and 
digital applications. It incorporates high value emitter ballast resistors, gold 
metallizations and offers a high degree of reliability and ruggedness. Including 


double input and output matching networks, the TP3060 features high 45 W, 960 MHz 
impedances and is easy to match. UHF POWER 
TRANSISTOR 


e Motorola Advanced Amplifier Concept Package 
e Oxynitride Passivation 
e Specified 26 Volts, 960 MHz Characteristics 
Output Power = 45 Watts 
Minimum Gain = 8.0 dB 
Efficiency = 50% 


NPN SILICON 
















MAXIMUM RATINGS 






THERMAL CHARACTERISTICS 


[Charan ———*dCS | [a 
Bae 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Characters [Symbol [win | Te [wax [vat 
OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CER 
(Ic = 60 mA, Ree = 75 Q) 

Emitter-Base Breakdown Voltage V(BR)EBO 
(ig = 6.0 mAdc) 


Collector-Base Breakdown Voltage V(BR)CBO 
(IE = 60 mAdc) 
Collector-Emitter Leakage (VcE = 26 V, Rpg = 75 Q) ICER 


NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 








MOTOROLA RF DEVICE DATA TP3061 
2-783 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee Le en ee ee 


ON CHARACTERISTICS 


DC Current Gain hre 
(Ig = 1.0 Ade, VogE = 10 Vde) 


DYNAMIC CHARACTERISTICS 


Output Capacitance (2) Cob pF 
(Vos = 26 V, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS F 
Common-Emitter Amplifier Power Gain Gp 8.8 
(Voc = 26 V, Pout = 45 W, Icq = 200 mA, f = 960 MHz) 
Collector Efficiency 
(Vcc = 26 V, Pout = 45 W, f = 960 MHz) 


Load Mismatch 
(og 28, Pet = 45% oa = 200 mA, scale 
Load VSWR: = 5:1, at all phase anolag) 


perches eV ace de wf seeo ai rae No Degradation in Output Power 


NOTE: 
2. Value of “Cop” is that of die only. It is not measurable in TP3061 because of internal matching network. 











RF OUTPUT 
RF INPUT 50 Q 

500 c2 

C1, C4, C7, C12 — Capacitor Chip 0805 330 pF 5% R38 — Chip Resistor 47 Q 0805 5% 

C2 — Capacitor Chip 82 pF ATC R4 — Chip Resistor 100 2 0805 5% 

C5, C11, C8 — Capacitor Chip 0805 15 nF 5% RS — Trimmer 1.0 kQ 

C6, C9, C10 — Capacitor Chip 0805 6.0, 8.0 uF 35 V T1— SMD Transistor MJD31C or Similar 

L1, L2 — 1.5 Turns #18 AWG Choke T2— SMD Transistor 

R1 — Chip Resistor 47 Q 1206 5% T3 — Voltage Regulator 7805 

R2 — Chip Resistor 270 Q 0805 5% Board Material — 1/50”, Teflon Glass, e; = 2.5, 

Cu Clad 2 Sides, 35 um Thick 
Figure 1. 960 MHz Test Circuit 
TP3061 MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 





3 g 
= = 
Cc oc 
wt uu 
= = 
2 2 
5 5 
a a 
5 5 
ro) ro) 
of 2 
2 4 6 8 10 12 14 
Pin, INPUT POWER (WATTS) {, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Output Power versus Frequency 


Po, OUTPUT POWER (WATTS) 
Gp, POWER GAIN (dB) 
Tic, COLLECTOR EFFICIENCY (%) 





960 
Voc, SUPPLY VOLTAGE (VOLTS) {, FREQUENCY (MHz) 





Figure 4. Power Output versus Supply Voltage Figure 5. Typical Broadband Circuit Performance 


Pout=45W Voce =26V 








850 
900 
950 |3.95+j3.55} 3,7 +j5.2 





ZoL* = Conjugate of the optimum load 
impedance. Into which the device 
operates at a given output power, 
voltage, and frequency. 





Figure 6. Series Equivalent Input/Output Impedances 
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50mm 





= 


SCALE 0.75:1 
Figure 7. Test Circuit — Photomaster 





Figure 8, Test Circuit — Component Locations 
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MOTOROLA 
= SEMICONDUCTOR [oo 
TECHNICAL DATA 


The RF Line 
UHF Power Transistor 


The TP3062 is designed for 960 MHz mobile base stations in both analog and 
digital applications. It incorporates high value emitter ballast resistors, gold 
metallizations and offers a high degree of reliability and ruggedness. Including 
double input and output matching networks, the TP3062 features high 60 W, 960 MHz 
impedances. It can easily operate in a full 860 MHz to 960 MHz bandwidth in a UHF POWER 
single circuit and without any tuning. TRANSISTOR 
e Motorola Advanced Amplifier Concept Package AntSiticon 


e To Be Used Class AB for FM, GSM, Digital 


e Specified 26 Volts, 960 MHz Characteristics 
Output Power = 60 Watts 
Minimum Gain = 7.5 dB 
Efficiency = 50% 
CASE 398, STYLE 1 


MAXIMUM RATINGS 








Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 

Collector Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





THERMAL CHARACTERISTICS 


[Characteristic Ci‘ 
Thermal Resistance, Junction to Case (1) at 70°C Case 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Characters «Y«Symbot | win [tp [wax [unt 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CER 
(Ic = 60 mA, Ree = 75 2) 
Emitter-Base Breakdown Voltage V(BR)EBO 
(Ic = 15 mAdc) 





Collector-Base Breakdown Voltage V(BR)CBO 48 
(lg = 50 mAdc) 
Collector-Emitter Leakage (VcE = 26 V, Rpg = 75 Q) ICER 


NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


a co, em el ee Se 


ON CHARACTERISTICS 


DC Current Gain hFE 100 
(Ig = 1.0 Adc, Vog = 10 Vde) 
DYNAMIC CHARACTERISTICS 
Output Capacitance (2) Cob 
(Vos = 26 V, IE = 0, f = 1.0 MHz) 
FUNCTIONAL TESTS 
Common-Emitter Amplifier Power Gain 7.5 
(Voc = 26 V, Pout = 60 W, Icq = 200 mA, f = 960 MHz) 
Collector Efficiency 
(Voc = 26 V, Pout = 60 W, f = 960 MHz) 


Load Mismatch 
(Voc = 26 V, Pout = 60 W, Ig = 200 mA, me sci sbaacieslny re 
Load VSWR = 5:1, at all phase angles) 


NOTE: 
2. Value of “Cop” is that of die only. It is not measurable in TP3062 because of internal matching network. 








R3 — Chip Resistor 330 Q 0805 5% 
R4 — Chip Resistor 51 Q 0805 5% 
T1— Transistor Type BD135 


Bias is adjusted by varying Vag T2-— Transistor Type BD135 
C1, C2 — Adjustable Capacitor 1.0—4.0 pF Board Material — 1/50”, Teflon Glass, e, = 2.5, 
C2, C4 — Capacitor Chip 15 nF 5% Cu Clad 2 Sides, 35 ym Thick 


R1 — Chip Resistor 22 Q 0805 5% 
R2 — Chip Resistor 22 Q 0805 5% 


Figure 1. 960 MHz Test Circuit Figure 2. Bias Current 
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a 





a a 
E E 
. 3 
Ww 
= = 
: : 
2 2 
5 5 
I} 
oo is é 
see ea > Ra ig -200mA 7 

iA | | | ft ft yt tt yy 

Zit tt 

2 4 6 8 10 12 14 
Pin INPUT POWER (WATTS) {, FREQUENCY (MHz) 
Figure 3. Output Power versus Input Power Figure 4. Output Power versus Frequency 


Gp, POWER GAIN (dB) 


Pp, OUTPUT POWER (WATTS) 
Nc, COLLECTOR EFFICIENCY (%) 





Voc, SUPPLY VOLTAGE (VOLTS) {, FREQUENCY (MHz) 
Figure 5. Power Output versus Supply Voltage Figure 6. Typical Broadband Circuit Performance 


Pout=60W VcE=26V, 
ZIN Zou" 
OHMS OHMS 
860 117.34 j10.4] 11.5 +j11.5 
910 | 15.0 + j9.50 | 10.2 + j10.2 
960 | 12.7 + j8.10 | 8.70 + j8.90 


ZoL* = Conjugate of the optimum load 
impedance. Into which the device 
. operates at a given output power, 
voltage, and frequency. 









Figure 7. Series Equivalent Input/Output Impedances 





MOTOROLA RF DEVICE DATA TP3062 
2-789 





SCALE 0.75:1 
Figure 8. Test Circuit — Photomaster 





TOP VIEW BOTTOM VIEW 


Figure 9. Printed Circuit Board for Bias Current 





Figure 10. Test Circuit — Component Locations 
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MOTOROLA 
= SEMICONDUCTOR Soo 
TECHNICAL DATA 


The RF Line TP3064 
RF Power Transistor 


The TP3064 is designed for 960 MHz mobile base stations in both analog and 
digital applications. It incorporates high value emitter ballast resistors, gold 
metallizations and offers a high degree of reliability and ruggedness. The 
TP3064 also features input and output matching networks and high imped- 50 W, 960 MHz 
ances. RF POWER TRANSISTOR 


e Oxynitride Passivation NPN SILICON 


e Specified 26 Volts, 960 MHz Characteristics 
Output Power — 50 Watts 
Gain — 7.5 dB min 
Efficiency — 50% typ 


e Class AB Operation 





MAXIMUM RATINGS 
Rating Symbol Value | Unit | 
V 


Collector-Emitter Voltage VCER 
Collector-Base Voltage 


Ve 
Emitter-Base Voltage Vde 
Te 





Collector-Current — Continuous | Adc | 


4 
Total Device Dissipation @ To = 25°C 145 Watts 
Derate above 25°C 0.8 wre 


CASE 333A, STYLE 2 





Ic 

Storage Temperature Range — 65 to +150 
Operating Junction Temperature 

THERMAL CHARACTERISTICS 

[Gharacteritio SS S«d;CSymbot (| Max S| Unit_— 
Thermal Resistance, Junction to Case (1) Reuc ae ae ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Caster «dC | win] te | Mom [nt | 
OFF CHARACTERISTICS 












Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(ic = 60 mA, Ree = 75 Q) 
Emitter Base Breakdown Voltage V(BR)EBO Vdc 
(le = 15 mAdc) 
Collector-Emitter Breakdown Voltage V(BR)CBO Vde 
(Ic = 50 mAde) i 
Collector-Emitter Leakage IcER mA 
(VcE = 26 V, Ree = 75 2) 











ON CHARACTERISTICS 
DC Current Gain 
(Ic = 1 Ade, Vog = 10 Vdc) 
NOTE: (continued) 


1. Thermal resistance is determined under specified RF operating condition. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ag CN ae ne ee ee ee 


DYNAMIC CHARACTERISTICS (Vcp = 26 V, f = 1 MHz) 


Output Capacitance Cob 
(Vop = 26 V, Ig = 0, f= 1 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Gain 75 
(Pout = 50 W, Icq = 200 mA, Voc = 26 V, f = 960 MHz) 

Collector Efficiency n 48 % 
(Pout = 50 W, Voc = 26 V, f= 960 MHz) 


Load Mismatch y 
(Pout = 50 W, Icq = 200 mA, Vcc = 26 V, Load VSWR = 5:1, No Degradation in Output Power 
all phase angles at frequency of test) 





Output impedance with circuit tuned for maximum gain 
@ Pout = 50 W, VCE = 26 V 


| 00 | 444/46 54+j44 


| 935 | 5.1 + j4.8 3+ 54.1 
| 960 | 5.4 +j3.6 3.1 +j4.6 
a7+e5 | e5+8 


Zo_* = Conjugate of optimum load impedance 
into which the device operates at a given 
output power, voltage, current and frequency. 





Figure 1. Series Equivalent Input and Output Impedances 
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C1,C3_ 100 pF, ATC Chip Capacitor 100A 
C4,C7 330 pF, Chip Capacitor 0805 
C5,C6 ~—- 10 nF, Chip Capacitor 0805 

C6 15 pF, 63 V, Capacitor 

cg 100 pF, 16 V, Capacitor 

D1,D2 Diode, 1N4007 


1] 
P41 
R1 


11 


1.5 Tums, 18 AWG Choke 

1 kQ, Trimmer 

1 kQ, Resistor 

56 Q, Resistor 0805 
Transistor, NPN Type, BD135 


Figure 2. 960 MHz Test Circuit Schematic 


TYPICAL CHARACTERISTICS 


Pout» OUTPUT POWER (WATTS) 


f= 960 MHz 


Pin INPUT POWER (WATTS) 


Figure 3. Output Power versus Input Power 


MOTOROLA RF DEVICE DATA 





Poy,» OUTPUT POWER (WATTS) 


f, FREQUENCY (MHz) 


Figure 4. Output Power versus Frequency 
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TYPICAL CHARACTERISTICS 





a a 
E ZS 
= 2 
E e 
= wi 
= 

3 z 
5 & 
ro) 

3 

oP 

Voc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 5. Output Power versus Supply Voltage Figure 6. Broadband Amplifier 
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al 
= al | 
INPUT =a OUTPUT 
SCALE 0.75:1 


Figure 7. Photomaster 








TEFLON® GLASS 1/50 INCH ey = 2.55 


Figure 8. 960 MHz Test Circuit Components View 
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MOTOROLA 


= SEMICONDUCTOR Sos 
TECHNICAL DATA 


The RF Line TP3069 
RF Power Transistor 


The TP3069 is designed for cellular radio base station amplifiers up to 960 
MHz. It incorporates high value emitter ballast resistors, gold metallizations and 
offers a high degree of reliability and ruggedness. The TP3069 also features 
input and output matching networks and high impedances. It can easily operate 100 W, 960 MHz 
in a full 935-960 MHz bandwidth in a simple circuit. RF Se 


e Class AB Operation 


e Specified 26 Volts, 960 MHz Characteristics 
Output Power — 100 Watts 
Gain — 7.5 dB min 


MAXIMUM RATINGS 


Storage Temperature Range 
Operating Junction Temperature Ty 


Total Device Dissipation @ Tc = 25°C 





Simba 
[catecoruren—corinas | te |_| 
bas 
ea 


Derate above 25°C 
CASE 375A, STYLE 1 
ica 
THERMAL CHARACTERISTICS 
| Characteristic | Symbol [Value | Unit 


Thermal Reine Junction ase ( 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


[Character ————SS—«d:C«S mbt | win | we | Wax | unt 
OFF CHARACTERISTICS ~ 


Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 20 mA) 

Emitter-Base Breakdown Voltage V(BR)EBO Vde 
(le = 20 mAdc) 


Collector-Base Breakdown Voltage V(BR)CBO Vde 
(I¢ = 35 mAdc) 

Collector-Emitter Leakage ICER mA 
(VCE = 28 V, RBE = 75 Q) 


ON CHARACTERISTICS 





DC Current Gain 
(Ic = 2 Adc, VcgE = 10 V) 


DYNAMIC CHARACTERISTICS (Vop = 28 V, IE = 0, f = 1 MHz) 


[ouiptCapaciance caciss)@ dT me Yd 


NOTES: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 
2. Value of “Cop” is that of die only. It is not measurable in TP3069 because of internal matching network. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 
[hasten «Sambo [min [mex TO 
FUNCTIONAL TESTS (Vcc = 26 V, f = 960 MHz) 


Common-Emitter Amplifier Gain 
(Pout = 100 W, Icq = 2 x 100 mA) 


Over Drive 
2 dB Input Power Overdrive 


3rd Order Intermodulation 
(Pout = 100 W PEP, Icq = 2 x 50 mA, Af = 400 KHz) 













f= 935 MHz 











960 


)inanoanod SoNvisisse 








f = 960 MHz 


3 
i 

=| 8 
re) 


- 






Zin 





935 





FOAWOD FONVLINON 
iS 
iE om 


is 








Ie 
FA 


(3) 


| 








VCE =26V Pout = 100 W 





ZoL* = Conjugate of optimum load impedance 
into which the device operates at a given 
output power, voltage, current and frequency. 


Figure 1. Series Equivalent Input and Output impedances 
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C1 =. 10 pF, ATC Chip Capacitor 100A cs 1 pF, Vitramon 
C2  2.2pF, ATC Chip Capacitor 100A cg 1 pF, 16 V, Tantalum 
C3 12 pF, ATC Chip Capacitor 100A C10 = 4.7 pF, 35 V, Tantalum 
C4 10 pF, ATC Chip Capacitor 175B Li 25 Q/41 mm (Teflon) 
C5 47 pF, ATC Chip Capacitor 100A L2 25 Q/41 mm (Teflon) 
2 C6 5.6 pF, ATC Chip Capacitor 175B Ri 0.5 Q, Resistor 0805 (2 x 1 2) 
C7 = 1000 pF, Vitramon 


C1 15nF 
Vb C2 15nF 
P1 22kQ 
Ri 3.3kQ 
R2 512 
T1 BD135 
T2 BD135 


Voc 





Ve (GROUND) 


Figure 2. 960 MHz Test Circuit and Its Bias Circuit 
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TYPICAL CHARACTERISTICS 
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Figure 5. Broadband Amplifier 
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TP3069 
2-800 


Figure 6. Photomaster (1/50” Teflon® Glass, ey = 2.55) Scale 0.75:1 





Figure 7. 960 MHz Test Circuit: Printed Circuit Board (PCB) + Components Location (Scale 0.75:1) 





BOTTOM VIEW 


BOARD MATERIAL: 1/16” EPOXY GLASS 


Figure 8. Bias Printed Circuit Board (PCB) (Scale 0.75:1) & Components Location (Not to Scale) 
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MOTOROLA 


= SEMICONDUCTOR Sn 
TECHNICAL DATA 


The RF Line 
UHF Linear Power Transistor 


The TP5002S is an NPN gold metallized transistor using diffused ballast 
resistors for reliability and ruggedness. The TP5002S was specifically designed 
as a low power driver with high gain and can be operated in Class A, B or C. 4.5 W, 380 to 512 MHz 
e 380-512 MHz UHF LINEAR 


© 1.5W— Pout sbeebs 
24V—Vcoc 


e High Gain — 13 dB Min, Class A @ 470 MHz 


MAXIMUM RATINGS 


| C*Rating | Symbot [Value [Unit _| 
[Ses ine Vea | Le 
[Enitaso tage | veo | 38 | vee | 





Total Device Dissipation @ Tc = 25°C 7.0 Watts 
Derate above 25°C 0.045 wre 
Storage Temperature Range ~65 to +200 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case Reuc 
(Te = 70°C) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 








CASE 249-05, STYLE 1 
(280 SOE S) 
TP5002S 





[Characteristic «Symbol Win Wwe | Max [Unt 
OFF CHARACTERISTICS 











Collector-Base Breakdown Voltage V(BR)CBO Vde 
(Ic = 2.0 mA, IE = 0) 

Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 2.0 mA, Ic = 0) 

Collector Cutoff Current IcBo mAdc 
(Vop = 24 V, IE = 0) 


ON CHARACTERISTICS 


DC Current Gain hee 120 
(Ic = 100 mA, VcE = 5.0 V) 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob 
(Vcp = 28 V, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 13 
(VCE = 23 V, Pout = 1.5 W, f = 470 MHz, Ic = 200 mA) 


Saturated Output Power Psat Ww 
(VCE = 23 V, f = 470 MHz, Ic = 200 mA) 





MOTOROLA RF DEVICE DATA TP5002S 
2-801 





RF 
INPUT 
50Q 





C1, C6 — 220 pF 0805 681C Sprague L1 — Hairpin wire 1.1 mm L = 33 mm 
C2 — 8.2 pF ATC100A8R2DP50 L2— 4 tums, ID 2.5 mm, 0.5 mm wire 
C3 — 10 pF ATC100A100DP50 ML1 — Microstrip Line W = 2.5 mm Zp = 70 Q, L = 6% Ag at 470 MHz 
C4, C5 — 27 pF ATC100A8R2DP50 ML2 — Microstrip Line W = 2.5 mm Zo = 70 Q, L = 3% Ag at 470 MHz 
C7 — 10 pF 35 V ML3 — Microstrip Line W = 2.5 mm Zo = 70 Q, L = 5% Ag at 470 MHz 
C8 — 100 nF 63 V ML4 — Microstrip Line W = 2.5 mm Zo = 70 Q, L = 3% Ag at 470 MHz 


C9, C10 — 1.0 nF 0805 681C Sprague 


Board Material: 1/16 In. Teflon Glass, ey = 2.55, h = 1.59 mm 
C11, C12 — 220 pF 0805 681C Sprague 


Figure 1. 400-500 MHz Broadband Amplifier 


FREQUENCY (MHz) 





Table 1. Impedance Data 
Vcc = 23 Volts 
I¢ = 200 mA 
Pout = 1.5 Watts 





TP5002S 
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TYPICAL CHARACTERISTICS 















a 
E 
= Fay 
5 z 
3 iw 
é 
Pin, INPUT POWER (mW) {, FREQUENCY (MHz) 
Figure 2. Output Power versus Input Power Figure 3. Return Loss versus Frequency 
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Figure 4. Power Gain versus Frequency Figure 5. MTTF Factor versus 
Junction Temperature 
C1— 100 pF 63 V R3 — 10 kQ 1/4 W 
D1 — 1N4148 R4— 500 1/4 W 
P1—1.0kQ R5— 1002 1/4 W 
R1i—1021/2W T1 — BD136 
R2— 180. 1/4W 
Figure 6. Class A Bias Circuit Figure 7. Component Layout 
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MOTOROLA 


= SEMICONDUCTOR [es 
TECHNICAL DATA 


Advance Information 
The RF Line 
UHF Linear Power Transistor 


... designed for 24 Volt UHF large-signal common emitter amplifier applica- 
tions in industrial and commercial FM equipment operating in the 380 to 
512 MHz frequency range, i.e., cellular radio base stations. 


© 380-512 MHz POWER TRANSISTOR 
¢ 15W— Pout NPN SILICON 


°« 24V—Vcc 
e High Gain — 11 dB Min, Class AB 
e Gold Metallization for Reliability 


15 W, 380-512 MHz 
UHF LINEAR 





MAXIMUM RATINGS 


es oe 
[Eritorbasoveiags id eno “| 40 ‘| vee | 


Total Device Dissipation @ To = 70°C 
Derate above 70°C 










ion 18 Watts 

0.143 wre 
Operating Junction Temperature oT | 00 eee | CASE pode 2 
THERMAL CHARACTERISTICS 
a 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 
[Characters «Symbol [min [yp] Max [Unt 
OFF CHARACTERISTICS 


Emitier-Base Breakdown Voltage V(BR)EBO oe 
(iE = 5.0 mA, Ic = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(Ig = 10 mA, Rpg = 75 Q) 

Collector Cutoff Current ICER 
(VCE = 26 V, Ree = 75 Q) 


ON CHARACTERISTICS | 


DC Current Gain hE | 15 100 
(Ic = 100 mA, VoE = 10 V) 


DYNAMIC CHARACTERISTICS . 


Output Capacitance Cob pF 
(Vos = 24 V, le = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain "1 
(VCE = 24 V, Pout = 15 W, f = 470 MHz, Iq = 50 mA) . 








Collector Efficiency Ne % 
(VCE = 24 V, Pout = 15 W, f = 470 MHz, Iq = 50 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
= SEMICONDUCTOR 2 
TECHNICAL DATA 


The RF Line TP5051 
NPN Silicon 
RF Power Transistor 


The TP5051 is designed for 470 MHz cellular radio base stations in both 
analog and digital applications. It incorporates high value emitter ballast 50/60 W, 470 MHz 
resistors, gold metallizations and offers a high degree of reliability and RF POWER TRANSISTOR 
ruggedness. NPN SILICON 
e Specified 470 MHz Characteristics 

Output Power — 50 Watts @ 24 Volts, 60 Watts @ 26 Volts 
Gain — 9 dB min 

Efficiency — 60% min 

Class AB or C Operation 


Motorola Preferred Device 





MAXIMUM RATINGS 


Collector-Emitter Voltage 





Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Storage Temperature Range Tstg 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case at 70°C Case (1) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted.) 


eS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage V(BR)CER Vde 
(Ic = 60 mA, Ree = 75 Q) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(Ig = 15 mAdc) 


CASE 333A, STYLE 2 





Collector-Base Breakdown Voltage V(BR)CBO Ve 
(Ig = 50 mAdc) 

Collector-Emitter Leakage ICER mA 
(VCE = 26 V, RBE = 75 Q) 


ON CHARACTERISTICS 


DC Current Gain hee 
(| Adc, VCE = 10 Vde) 








NOTE: (continued) 
1. Thermal resistance is determined under specified RF operating condition. 


Preferred devices are Motorola recommended choices for future use and best overall value. 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted.) 


ee 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vos = 26 V, IE = 0, f= 1 MHz) 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(Voc = 24 V, Pout = 50 W, Icq = 150 mA, f = 470 MHz) 


Load Mismatch 

(Voc = 24 V, Pout = 50 W, Ioq = 150 mA 

Load VSWR = 5:1, all phase angles at frequency of test) 
Overdrive 

(Voc = 24 V, Pin = 12 W, f = 470 MHz) 


Power Saturation 
(Voc = 24 V, f= 470 MHz) 
Common-Emitter Amplifier Power Gain 
(Voc = 26 V, Pout = 60 W, Icq = 150 mA, f = 470 MHz) 


Collector Efficiency 
(Voc = 26 V, Pout = 60 W, f = 470 MHz) 


Load Mismatch 
(Voc = 26 V, Pout = 60 W, Icq = 150 mA 
Load VSWR = 5:1, all phase angles at frequency of test) 












No Degradation in Output Power 





T2 
+Voco 
4S = C10 
L FL ot 
= Tz ore 
C3 > FB Ae 
=L re 
Cc C3 RF OUTPUT 
RF INPUT 
4 cB 
C = 
= cL TL 
50Q > = = = 502 
EPOXY GLASS 1/16 INCH er=4.5 
Components List 
C1,C9, 330 pF, 5%, Chip Capacitor 0805 ; D1,D2 _— Diode, 1N4148 
C2,C8 AIRTRONIC Trimmer Capacitor 5400 FB Ferrite Board 
C3 10 pF, ATC Chip Capacitor L1,L2 6 Turns, #18 AWG 6 4 mm Choke 
C3’ 12 pF, ATC Chip Capacitor Pi 1 kQ, Trimmer 
C4,C5 22 pF, ATC Chip Capacitor Ri 56 Q, 5%, Chip Resistor 1205 
C6 15 pF, ATC Chip Capacitor R2 470 Q, 5%, Chip Resistor 0805 
C7 18 pF, ATC Chip Capacitor T1 SMD Transistor, MJD31C or Similiar 
C10 47 uF, 63 V, Electrolytic Capacitor. T2 Voltage Regulator 7805 
C11,C14 15 nF, Chip Capacitor 0805 
C12,C13 330 pF, 5%, Chip Capacitor 0805 
Figure 1. 470 MHz Electrical Schematic 
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MOTOROLA RF DEVICE DATA 


f= 410 MHz 


Zin 


SF ZS noawo\ 32nvisissy 


B- 


fe 





IAD TanwinaND 


IE 


eUe 





(3) 


Pout = 90 W, VcE=24V 


2.4 +j0.13 


2.6 +j0.9 






Figure 2. Series Equivalent Input and Output Impedances 












TP5051 
2-807 





Pout» OUTPUT POWER (WATTS) 


TYPICAL CHARACTERISTICS 


sca 
FE 24V,470 Miz 
24 V, 512MHz 


NI 


IL (Test Circuit Returned 
for 512 MHz) 





Pin, INPUT POWER (WATTS) 


Figure 3. Output Power versus Input Power 





Pout» OUTPUT POWER (WATTS) 








f, FREQUENCY (MHz) 
Figure 4. Output Power versus Frequency 





_ SS 
E g : 
: g E 

rs 
3 
4 w e 
ze S 
3 & 3 
a = 

Voc, SUPPLY VOLTAGE (VOLTS) f, FREQUENCY (MHz) 
Figure 5. Output Power versus Supply Voltage Figure 6. Power Gain, Collector Efficiency 
versus Frequency 

TP5051 MOTOROLA RF DEVICE DATA 
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50 mm 





SCALE 0.7571 


Figure 7. Photomaster 

















EPOXY GLASS 1/16 INCH ey = 4.5 


Figure 8. 470 MHz Test Circuit Components View 
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MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


The RF Line TPG2601 
Microwave Power 
Oscillator Transistor 


. .. designed for use as power oscillators at frequencies to 3.0 GHz with typical 





output power of over 1.0 watt. achat 
e Operation to 3.0 GHz OSCILLATOR 
¢ High Output Power (1.2 W Typ @ 2.5 GHz) TRANSISTOR 
e Rugged — Capable of Withstanding High Load VSWR 


e High Reliability 

e Hermetic Package 

e Gold Metallization 

e Diffused Emitter Ballast Resistors 
e Common Collector Configuration 
e Formerly named TRW62601 














MAXIMUM RATINGS 


Collector-Emitter Voltage 
Collector Base Voltage 
Emitter-Base Voltage Vi 





THERMAL CHARACTERISTICS 
a 
Rose 


ELECTRICAL CHARACTERISTICS 


[Characteristic dmb wine | Mex | ue 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage (Ic = 20 mA, Ip = 0) V(BR)CEO eee | 
Collector-Base Breakdown Voltage (Ic = 1.0 mA, IE = 0) V(BR)CBO ae ee ee 
Emitter-Base Breakdown Voltage (IE = 0.25 mA, Ic = 0) Verepo | 35 | — | — | Vac 


Collector-Emitter Breakdown Voltage (Ic = 20 mA, Reg = 10 Q) V(BR)CER 















| Collector Cutoff Current (Vop=28V,le=0) | topo] 
ON CHARACTERISTICS 
[ bc GurentGain(c=toomavoe=s0M Sid SO | dT ~~ 2 | ~*d 
(continued) 
TP62601 MOTOROLA RF DEVICE DATA 
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ELECTRICAL CHARACTERISTICS — continued 


Phase Sambo wm Te me 


DYNAMIC CHARACTERISTICS 


Output Capacitance Cob pF 
(Vos = 28 V, IE = 0, f = 1.0 MHz) 


FUNCTIONAL TESTS 


Oscillator Output Power - Pout 1.25 w 
(VCE = 20 V, f = 2.0 GHz, IE = 220 mA) 


Load Mismatch v 
(VCE = 20 V, IE = 220 mA, Poyt = 1.25 W, f = 2.0 GHz, No Degradation in Output Power 
Load VSWR = -:1, All Phase Angles) 


Cutoff Frequency f 2.7 
(VCE = 20 V, IE = 220 mA) 


TYPICAL CHARACTERISTICS 








2 CT 
_ 





Z g 
iS 
= = 
& 5 
z is 
fi 5 
E E 
2 fo) 
a 3 05 

a 

2 25 3.5 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) {, FREQUENCY (GHz) 
Figure 1. DC Safe Operating Area Figure 2. Output Power versus Frequency 
BASE EMITTER BIAS 








C1 — 220 pF (chip) 

C2 — 220 pF (chip) + 10 nF 

C3 — 220 pF (chip) + 10 nF + 10 pF 

C4 — 0.6-—4.5 pF (Frequency tuning) 

L — adjust to obtain the maximum output power 
@ — 0.115 Ag for fo = 2.3 GHz 

8 — 0.06 Ag for fp = 3.0 GHz 


50Q 





Figure 3. Test Circuit 
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| 20 mm | 
L= 12mm 
ww — Ci 


C3" 
*C2 
| C1 
C4 / 
Pon 2 (Not to Scale) 


Figure 4. PC Board Layout for fg = 2.3 GHz (BW = 500 MHz) 


| 20mm | 
| L=7mm 
5 el 


*C2 C1 
qo 
C4 
* Foil-wrap asterisked edge to ground plane. 
Board material: -0.020” Glass teflon (e, = 2.55) 
Adjust L to obtain the maximum output power 
(Not to Scale) 
Figure 5. PC Board Layout for fg = 3.0 GHz (BW = 500 MHz) 


TYPICAL CHARACTERISTICS 





Figure 6. Small Signal S-Parameters 
(VCE = 20 V, IE = 220 mA) 
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MOTOROLA 
= SEMICONDUCTOR ox 
TECHNICAL DATA 


The RF Line 
UHF Linear Power Transistor 


. .. designed for driver and output stages in band IV and V TV transposers and 
transmitter amplifiers. The TPV595A uses gold metallized die with diffused 
emitter ballast resistors to enhance reliability, ruggedness and linearity. 


* Band IV and V (470-860 MHz) ii 
© 14W— Pref @ —47 dB IMD POWER TRANSISTOR 





e 28V—Vcc 
e High Gain — 9.0 dB Typ, Class A, f = 860 MHz 
e Push-Pull Package 









MAXIMUM RATINGS 









Lean ee eee 


THERMAL CHARACTERISTICS 
Oc 
[Thermal Resistance JunciontoCase(To=7™°6)—————SSSSC*dtCPwe | «YC 
ELECTRICAL CHARACTERISTICS 
[—CChavacteisto———SSSSS*d;SCS bot [in |p Mex [Ua 
OFF CHARACTERISTICS 


| Collector-Emitter Breakdown Voltage (Ic=60mAig=0) | Vierceo | 28 | | = Ve 
Collector-Base Breakdown Voltage (Ic = 10 mA, IE = 0) |verjcao {| 45 06d|l UCU] Vde 
[ ColectorEmiter Breakdown Vollage (o=10mA Age=819) | Verjoen | 40 | 
[Coleco Suto Curent(Vop=20Vie=o «stop | 











ON CHARACTERISTICS 
[ BC Curent Gain ig=500mA,Voe=20v)—SSC~dtCie | | dT i. —*d 
(continued) 
MOTOROLA RF DEVICE DATA TPV595A 
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ELECTRICAL CHARACTERISTICS — continued 


ee ee | 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Small-Signal Gain 
(VCE = 25 V, Ic = 2.0 x 900 mA) 


Load Mismatch 
(Voc = 25 V, Pout = 15 W, Icq = 2.0 x 900 mA, f = 470 MHz, No Degradation in Output Power 
2 Tones, Load VSWR = «1, All Phase Angles) 


Overdrive (no degradation) Pinover 
(fo = 470 MHz, VcE = 25 V, 2 Tones, ICQ = 2.0 x 900 mA) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, VcE = 25 V, I¢q = 2.0 x 900 MA, Pref = 14 W, 
Vision Carrier = —8.0 dB, Sound Carrier = —7.0 dB, 
Sideband Signal = -16 dB, Specification TV05001) 


Intermodulation Distortion (IDEM) 
(f = 860 MHz, VcE = 25 V, Icq = 2.0 x 900 mA, Pref = 14 W, 
Vision Carrier = —8.0 dB, Sound Carrier = —10 dB, 
Sideband Signal = —16 dB) 





XMD, CROSS MODULATION (%) 
IMD, INTERMODULATION DISTORTION (dB) 





Pref, REFERENCE OUTPUT POWER (WATTS) Pref, REFERENCE OUTPUT POWER (WATTS) 
Figure 1. Cross-mod* versus Output Power Figure 2. IMD* versus Output Power 
*Cross-mod: A% sound (—7.0 dB) *IMD: 3 tones —7.0 dB, —8.0 dB, -16 dB 
— vision O —- PEAK 


NOTE: DIVIDE BY I? 
TO OBTAIN METAL 
LIFETIME IN HOURS 


Ic, COLLECTOR CURRENT (A) 
MMTF FACTOR (106 HRS X AMP2) 





100 120 140 160 180 200 





Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) Ty, JUNCTION TEMPERATURE (°C) 
Figure 3. DC Safe Operating Area Figure 4. MTTF versus Junction Temperature 
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s Ros SE - Voce = 25 V 
We at ae Ere aT Ip=2x0.9A 
: PRS SHEN 
~ ip Bah pee 
ee > 
Figure 5. Z Load For Best IMD (8.0 W) Figure 6. Zjn For Best Input VSWR 
and Cross-Modulation (12 W) Base-to-Base 
Collector-to-Collector 
Ci C10 
VBE1 O O VcE1 
by 7 3. 8 
c2 L3 
Oe =A ae tie Ts 
Ci C4 C5 Cé : c7 
N@O—-@—— li —-—+ ze ie al 6— - —116 ——f)}—©) OUT 
C3 U4 
L114 c9 
Le as 
10Q 
L10 
VBE2 © O VcE2 
C1 — 0.5—4.5 pF Gigatrim Trimmer L1, L2, L15, L16 — 60 mm of 50 Q, 2.2 mm semi rigid coax 
C2, C3 — 27 pF ATC 100A L3, L4 — 50 Q line, 5.5% Ag at 860 MHz 
C4— 6.8 pF ATC 100A L5, L6 —3 turns ID 2mm 
C5— 18 pF ATC 100A L7, L8 — 50 Q line, 1.5% Ag at 860 MHz 
C6— 3.3 pF ATC 100A L9, L10 — 50 Q line, 4.9% Ag at 860 MHz 
C7 — 4.7 pF ATC 100A L11, L12 — 50 Q line, 2% Ag at 860 MHz 
C8, C9 — 27 pF ATC 100A L13, L14 — 50 Q line, 1.5% Ag at 860 MHz 


C10 — +330 pF ATC 100 B 
+ 1.0 nF + 10 nF + 47 pF 
C11 — 1.0 nF + 10 nF + 10 pF 


Figure 7. 470-860 MHz Broadband Amplifier 
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TPV595A 
2-816 


INPUT 





VBE1 


3 OUTPUT 


VBE2 


Figure 8. 470-860 MHz Broadband Amplifier 


VSUPPLY 


VcE 


VBE 





C1 — 100 mF P1— 1.0 kQ R2— 5.6 kQ 
C2 — 10 nF Qi — 2N2904 R3— 100 Q 
D1 — 1N4148 R1— 1502 R4—2.722.02 


Figure 9. Bias Circuit 





MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line TPV596A 
UHF Linear Power Transistor 


... designed for very high output 1.5 V MATV amplifiers up to 860 MHz and 
500 mW Band V TV transposer stages. Gold metallization and diffused emitter 
ballast resistors are used to enhanced reliability, ruggedness and linearity. 


e Band IV and V (470—860 MHz) 0.5 nee 
oO iet ee ce ID POWER TRANSISTOR 


e High Gain — 12 dB Typ, Class A, f = 860 MHz 
e Gold Metallization for Reliability 





MAXIMUM RATINGS 
ee 
[Caieaoreritorvoinge | Vero | 
[CoteaorBase Vote —————~+| Veo |_| 
Ewa 


Vde 


Emitter-Base Voltage VEBO 
Collector Current — Continuous ee ee ee A 


Io de 
[“ieawaoesse” | | tae [Wr 
Derate above 25°C 0.05 P 
C 
Cc 





CASE 244-04, STYLE 1 
(280 SOE) 


24 
45 
0.7 
Storage Temperature Range —65 to +200 
THERMAL CHARACTERISTICS 
Thermal Resistance, Junction to Case (Tc = 70°C) 


ELECTRICAL CHARACTERISTICS 


een ee FO ee ee 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 24 
(Ic = 20 mA, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(I¢ = 1.0 mA, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 3.5 
(IE = 4.0 mA, Ic = 0) 


Ss 
Cc 
Operating Junction Temperature 





Emitter-Base Leakage Current 
(VEB = 2.0 V) 

Collector Cutoff Current ICBO 
(VcB = 28 V, IE = 0) 

Collector-Emitter Breakdown Voltage V(BR)CER 
(I¢ = 20 mA, RBE = 10 Q) 








ON CHARACTERISTICS 
DC Current Gain hee 15 120 
(Ic = 100 mA, VcE = 5.0 V) 
DYNAMIC CHARACTERISTICS 
Output Capacitance Cob 
(Vos = 28 V, IE = 0, f= 1.0 MHz) 
: (continued) 
MOTOROLA RF DEVICE DATA TPV596A 
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ELECTRICAL CHARACTERISTICS — continued 


[Charest «Cymbon win |e mex| 


FUNCTIONAL TESTS 










Common-Emitter Amplifier Power Gain GpE 
(VCE = 20 V, Pout = 0.5 W, f = 860 MHz, Ie = 0.22 A) / 
Load Mismatch wv 


(VCE = 20 V, Pout = 1.0 W, IE = 0.22 A, f = 860 MHz, 
Load VSWR = 9:1, All Phase Angles) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, Vog = 20 V, IE = 0.22 A, Pref = 1.0 W, 
Vision Carrier = —8.0 dB, Sound Carrier = —7.0 dB, 

Sideband Signal = —16 dB, Specification TV05001) 


Intermodulation Distortion (IDEM) 
(f = 860 MHz, VcE = 20 V, IE = 0.22 A, Pref = 0.5 W, 
Vision Carrier = —8.0 dB, Sound Carrier = —10 dB, 

Sideband Signal = -16 dB) 





No Degradation in Output Power 

















f = 860 MHz 
VcE=20V 


Pout, OUTPUT POWER (WATTS) 





20 40 60 80 100 120 140 
Pin: INPUT POWER (mW) 


Figure 1. Power Output versus Power Input Figure 2. Large Signal Impedances 
VCE = 20 V—Ic =220mA 


ZoL* = Conjugate of the optimum load impedance into which the 
device output operates at a given output power, voltage and 
frequency. 


Toles eed) Saeed ales 
Poe eee 
de lee eee ae 

4 8 12 16 20 2 


4 


NOTE: DIVIDE MTTF BY Ic2 TO 
OBTAIN METAL LIFE 


MTTF FACTOR (106 HRS x AMP2) 
Io, COLLECTOR CURRENT (A) 





100 120 140 





Ty, JUNCTION TEMPERATURE (°C) VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
Figure 3. MTTF Factor versus Junction Figure 4. DC Safe Operating Area 
Temperature 
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OUT 


a7 
50 OHM 
50 OHM 





Figure 5. 860 MHz Test Circuit 


VSUPPLY = 20-25 V 










0 VCE 


C— 100 F + 10nF + 1.0 nF 
Ri — 1.0 kohm 

R2— 330 ohm 

R3 — 4.7 kohm 

R4 — 10 ohm 1/2 W 
R5 — 50 ohm 





Figure 6. Class A Bias Circuit 
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MOTOROLA 
= SEMICONDUCTOR =o 
TECHNICAL DATA : 


The RF Line 
UHF Linear Power Transistor 


... designed for 1.0 watt stages in Band V TV transposer amplifiers. Gold 
metallized dice and diffused emitter ballast resistors are used to enhance 
reliability, ruggedness and linearity. 


e Band IV and V (470-860 MHz) 1.0 W, 470-860 MHz 
© 1.0W— Pref @ -58 dB IMD . Sn ner roe 
e 20V—Vcc 

e High Gain — 11 dB Typ, Class A @ f = 860 MHz 
e Gold Metallization for Reliability 





MAXIMUM RATINGS 


Ves0 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 








CASE 244.06 STYLE 1 
(.280 SOE) 
THERMAL CHARACTERISTICS 
[Thermal Rositance sneiontoGase ——=SSSCSC~C~‘“‘“~*~*~*~*~‘~dtCS io] 
ELECTRICAL CHARACTERISTICS 
[—Characteiio———SSSS*dYC«S abot [| [wee 
OFF CHARACTERISTICS 
[venceo] * [| - [| — | 
es | - | -_] 
rey ae 
ON CHARACTERISTICS 
[ 06 Gurent Gain (g=00mAvor=so) ——SSCSC~C~*idCia YT | dT 
DYNAMIC CHARACTERISTICS 
[ OuputCapactance Vog=28Viie=0retowid [| ee [| — | — | 7 | + 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 
(VCE = 20 V, Pout = 1.0 W, f = 860 MHz, IE = 0.44 A) 








Load Mismatch 
(VCE = 20 V, Pout = 2.0 W, IE = 0.44 A, f = 860 MHz, No Degradation in Output Power 
Load VSWR = «:1, All Phase Angles) 
(continued) 
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ELECTRICAL CHARACTERISTICS — continued 


a ene Bese ee ee el 


ee eee es 


FUNCTIONAL TESTS (continued) 


intermodulation Distortion, 3 Tone 
(f = 860 MHz, VcE = 20 V, IE = 0.44 A, Prof = 1.0 W, 
Vision Carrier = -8.0 dB, Sound Carrier = —7.0 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


Cutoff Frequency (VE = 20 V, IE = 0.44 A) | of 6] 2 | 


Intermodulation Distortion (IDEM) 
(f = 860 MHz, VcE = 20 V, IE = 0.44 A, Pref = 2.0 W, 
Vision Carrier = -8.0 dB, Sound Carrier = —10 dB, 





Sideband Signal = —16 dB) 


Pout, OUTPUT POWER (WATTS) 


120 160 200 
Pin, INPUT POWER (mW) 


Figure 1. Power Output versus Power Input 






V 


0.8 


Ic, COLLECTOR CURRENT (A) 


0.4 


Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
Figure 3. Safe Operating Area 


MOTOROLA RF DEVICE DATA 


soa Gl ae 
HEATSINK = 70°C 

| TY 

ie ae 
Ee ed ee 
0 5 10 15 20 | 30 





















LaeN | 
OBA 
rel II) 
cl 


Zo_* = Conjugate of the optimum load impedance into which the 
device output operates at a given output power, voltage and 
frequency. 





3 








2 
a 


NOTE: DIVIDE MTTF FACTORY BY Ic2 


TO OBTAIN METAL LIFE 


MTTF FACTOR (108 HRS x AMP2) 
Oo 
o 





80 100 120 140 160 180 200 


Ty, JUNCTION TEMPERATURE (°C) 


Figure 4. MTTF Factor versus Junction 
Temperature 





TPV597 
2-821 










L=6turms ID=imm_ Wire diameter =0.6 mm 
The lengths are given for f = 860 MHz 


Figure 5. 860 MHz Test Circuit 











0: VCE 


C— 100 pF + 10 nF + 1.0 nF 
R1 — 1.0 kohm 

R2 — 330 ohm 

R3 — 4.7 kohm 

R4— 5.6 ohm 1/2 W 
R5 — 390 ohm 


2N2904 
© VBIAS 


Figure 6. Class A Bias Circuit 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


Advance Information TPV598 
The RF Line 
UHF Linear Power Transistor 


. designed for 4.0 watt stages in Band V TV transposer amplifiers. Gold 





metallized dice and diffused emitter ballast resistors are used to enhance 4.0 W, 470-860 MHz 
reliability, ruggedness and linearity. UHF LINEAR 

e Band IV and V (470-860 MHz) POWER TRANSISTOR 
° 4.0W— Pref @ —60 dB IMD 

e 25V—Vcc 


e High Gain — 7.0 dB Min, Class A @ f = 860 MHz 
¢ Gold Metallization for Reliability 


MAXIMUM RATINGS 


¥80 
THERMAL CHARACTERISTICS 

hairs Sat [tet] 
ec a ee 


SEECTRICAL CHARACTERISTICS 





CASE 244-04, STYLE 1 
(.280 SOE) 














eae nn ee Oe 
OFF CHARACTERISTICS 





Collector-Emitter Breakdown Voltage (Ic = 60 mA, Ip = 0) veryceo | 27 | — [| — | Vvde | 


Collector-Base Breakdown Voltage (Ig = 10 mA, I = 0) Verso | 45 [| — | = | vec | 
Emitter-Base Breakdown Voltage (IE = 3.0 mA, Ic = 0) VeR)EBO | 40 | Vde 


Collector-Emitter Leakage Current (VcgE = 20 V) ICEO 
ON CHARACTERISTICS 


DYNAMIC CHARACTERISTICS 


FUNCTIONAL TESTS 






Common-Emitter Amplifier Power Gain 






(VCE = 25 V, Pout = 4.0 W, f = 860 MHz, Ic = 850 mA) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, VcE = 25 V, IE = 850 mA, Pref = 4.0 W, 
Vision Carrier = —8.0 dB, Sound Carrier = —7.0 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


Cutoff Frequency 2.0 
(VCE = 25 V, Ic = 850 mA) 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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TPV598 
2-824 


C1 — Variable 0.5—4.7 pF Airtronic 

C2, C3 — ATC 4.7 pF 

C4 — ATC 10 pF + Variable 0.5—4.7 pF Airtronic 
C5 — ATC 10 pF + ATC 5.6 pF 

C6 — ATC 18 pF + 0.5—4.7 pF Variable Airtronic 
C7 — 470 pF Chip Capacitor 

C8 — 1.0 nF + 10 nF Decoupling 

C9 — 1.0 NF + 10 nF + 0.1 uF + 10 pF 

C10 — 10 nF + 1.0 nF +10 pF 


RFC = 8 turns, ID 2.5 mm, Wire = 0.5 mm 


L1— 50 Q line 6.2% Ag at 860 MHz 
L2— 50 Q line 4.2% Ag at 760 MHz 
L3 — 50 Q line 4.9% Ag at 860 MHz 
L4 — 20 Q line 6.5% Ag at 860 MHz 
L5 — 50 Q line 5% Ag at 860 MHz 
L6 — 20 Q line 9.5% Ag at 860 MHz 
L7 — 4.0 Q line 8% Ag at 860 MHz 
L8 — 55 Q line 7.5% Ag at 860 MHz 
L9— 7.5 Q line 8% Ag at 860 MHz 
L10 — 100 Q line 8% Ag at 860 MHz 
L11 — 20 Q line 8% 4g at 860 MHz 


Figure 1. Broadband Test Circuit 





Figure 2. Class A Bias Circuit 





MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


Advance Information 
The RF Line TPV695A 


UHF Linear Power Transistor 


. .. designed for driver and output stages in band IV and V TV transposers and 
transmitter amplifiers. The TPV695A uses gold metallized die with diffused 
emitter ballast resistors to enhance reliability, ruggedness and linearity. 

Band IV and V (470-860 MHz) 25 : on ue 
ta ret eee ded POWER TRANSISTOR 
25V—Vcoc 

High Gain — 10 dB Min, Class A, f = 860 MHz 
Gold Metallization for Reliability 

Push-Pull Package 


MAXIMUM RATINGS 





Rating 





Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 





THERMAL CHARACTERISTICS 
Characteristic 


Thermal Resistance, Junction to Case 


ELECTRICAL CHARACTERISTICS 





eS 
OFF CHARACTERISTICS 












Collector-Emitter Breakdown Voltage (Ic = 20 mA, Ip = 0) verjceo | 28 [| — [ — | Voc | 
Collector-Emitter Breakdown Voltage (Ic = 20 mA, VBE = 0) V(BR)CES | 50 | — | — | Vdc | 
Emitter-Base Breakdown Voltage (Ig = 5.0 mA, Ic = 0) verneso | 40 | — [| — | Vac | 


[Calector ur Curent Vop=10Viie=0) | _ieso | — 

ON CHARACTERISTICS E 

me [| »® | — | © | — 

DYNAMIC CHARACTERISTICS 

[ OuputGapactance Vop=28V,1e=0,1=10mHd) [Ge | — | |» | #1 | 
FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 

(VcE = 25 V, Pout = 14 W, f = 860 MHz, Ic = 2.0 x 900 mA) 
Overdrive (no degradation) 

(f = 470 MHz, VoE = 25 V, Ic = 2.0 x 900 mA) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, Vog = 25 V, IE = 2.0 x 900 mA, Pref = 14 W, 
Vision Carrier = -7.0 dB, Sound Carrier = —8.0 dB, 
Sideband Signal = -16 dB, Specification TV05001) 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 





MOTOROLA RF DEVICE DATA 2N5641 
2-825 


MOTOROLA 


= SEMICONDUCTOR Sos 
TECHNICAL DATA 


The RF Line TPV5055B 
UHF Linear Power Transistor 


... . designed for output stages in Band IV & V TV transmitter amplifiers. Internal 
matching of both input and output along with use of a push-pull package 
configuration aids broadband amplifier designs. : 

Gold metallized dice with diffused emitter ballast resistors enhances 


50 V, 470-860 MHz 





reliability, ruggedness and linearity. Pe alin pirael ae 
e Band IV & V (470-860 MHz) © NPN SILICON 

e 50W— Pout, Class AB 

° 28V—Vcoc 


e Push-Pull Package 
¢ Gold Metallization for Reliability 


MAXIMUM RATINGS ° 


| Symbol_| Value | Unit _| 

Collector-Emitter Voltage | Vcceo | 30 | Vae | 
Collector-Base Voltage | Vcpo | 45 ~~ | Vado | 
| Vde_| 

fe] 

| °c | 


Vde 
45 Vde 
Emitter-Base Voltage Vde 
Operating Junction Temperature ee ae ee °C 
Storage Temperature Range °C 
THERMAL CHARACTERISTICS 


CASE 398, STYLE 1 
Characteristic [Symbot [Wax [Unit coma 
Thermal Resistance, Junction to Case Rec °C/W 


ELECTRICAL CHARACTERISTICS 


| Charactertetio Sembee | Unt 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(I¢ = 60 mA, IB = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 45 Vde 
(Ic = 20 mA, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 6.0 mA, Ic = 0) 
Collector Cutoff Current IcES mAdc 
(VCE = 28 V, VBE = 0) 














ON CHARACTERISTICS 

[ De Curent Gains tOAVeEsTW ———SSS«d'Ce [Td dd 
DYNAMIC CHARACTERISTICS 

[Output Capaciance Vou =28Viieo,t=towr) | ew | — | | — | | 
FUNCTIONAL TESTS 












Common-Emitter Amplifier Power Gain Gpe 7.0 
(VCE = 28 V, Pout = 50 W, f = 860 MHz, Icq = 2.0 x 200 mA) 
Collector Efficiency n 45 % 
(VCE = 28 V, Pout = 50 W, f = 860 MHz, Icq = 2.0 x 200 mA) 
Output Power, 1.0 dB Compression Point Poi dB Ww 
(VCE = 28 V, f = 860 MHz, I¢q = 2.0 x 200 mA, Pref = 12.5 W) 








TPV5055B MOTOROLA RF DEVICE DATA 
2-826 


TYPICAL BROADBAND RESULTS 
Voc =28V icq =2 x 200 mA 
f = 470-860 MHz 


Ae ee 








Pout, POWER OUTPUT (WATTS) 
8 





Nc, COLLECTOR EFFICIENCY (%) 





50 
Fee ae Ss es a ee 
700 900 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Power Output at 1.0 dB Compression Figure 2. Collector Efficiency versus Frequency 
versus Frequency 
TYPICAL CHARACTERISTICS 





Pout: POWER OUTPUT (WATTS) 





Pin, POWER INPUT (WATTS) 
Figure 3. Power Output versus Power Input 


MAXIMUM DISSIPATED POWER UNDER RF CONDITIONS 
AX (@ Tc = 70°C) = 85 W 


Pdiss Mi 
lem (MAXIMUM CONTINUOUS CURRENT) @ Vcg <5V=9A 1.5 + 0.65 


1.94j1 


2.5+j1 


2.9 +j0.8 
3+j0.5 45-j0.5 





Pout = @ 1.0 dB Compression 
Voc = 28 V, Icq = 2.0 x 200 mA 


ZoL* = Conjugate of the optimum load impedance into 
which the device output operates at a given output 





Ty, JUNCTION TEMPERATURE (°C) power, voltage and frequency. 
Figure 4. MTTF Factor versus Junction Temperature Figure 5. Zjy and Zoi* versus Frequency 
(MTTF — Hrs. x A2 — Divide by Ic2 to obtain (Each Side) 
MTTF in hours) 
MOTOROLA PF DEVICE DATA TPV5055B 


2-827 


2-828 


$2 






I 


Li 





L10 Li2 





RF Ci L2 17 RF 
INPUT QUTPUT 
502 7 u L15 502 
si 
28 V2 x 200 mA 
C1 — Chip Capacitor 100 pF ATC 100A101JP50 L1 — 50 Q Printed Line 
C2 — Trimmer Capacitor 0.5/4.0 pF Ref. 37275 TEKELEC L2 — 50 Q Printed Line 
C3 — Chip Capacitor 1.3 pF ATC 100A1R3BP50 L3 — Coaxial Cable 50 Q 85 mils L = 75 mm 
C4 — Trimmer Capacitor 1.0-4.0 pF GKU 4RO L’3— 70 Q Printed Line; Length 75 mm 
C5 — Chip Capacitor 5.6 pF ATC 100ASRE6CP50 L4— 25 Q Printed Line; Length 2 mm 
C6 — Trimmer Capacitor 0.5/4.0 pF Ref. 37275 TEKELEC L5 — 35 Q Printed Line; Length 22 mm 
C7 — Chip Capacitor 18 pF ATC 100A180DP50 L6 — 35 Q Printed Line; Length 12 mm 
C8 — Chip Capacitor 6.8 pF ATC 100A6R8CP50 L7 — 35 Q Printed Line; Length 2 mm 
C9 — Trimmer Capacitor 0.5/4.0 pF Ref. 37275 TEKELEC L8 — 25 Q Printed Line; Length 8 mm 
C10 — 6 mm Coaxial Line 50 Q Dia.070 L9 — 25 © Printed Line; Length 16 mm 
C11 — Trimmer Capacitor 0.5/4.0 pF Ref. 37275 TEKELEC L10 — 25 Q Printed Line; Length 7 mm 
C12 — Chip Capacitor 100 pF ATC 100A101JP50 L11 — 35 Q Printed Line; Length 15 mm 
C13 — Chip Capacitor 100 pF ATC 100A101JP50 L12 — 35 Q Printed Line; Length 15 mm 
C14 — Chip Capacitor 1.0 nF L13 — Coaxial Cable 50 Q 85 mils L = 75 mm 
C15 — Chip Tantalum Capacitor 6.8 nF 35 V L’13 — 70 Q Printed Line; Length 75 mm 
C16 — Capacitor 100 uF 40 V L’13 — 70 Q Printed Line; Length 75 mm 
C17 — Chip Capacitor 100 pF ATC 100A101JP50 L14 — 40 Q Printed Line; Length 7 mm 
$1 — 4 Turns Wire 0.8 mm ID 3 mm 
S2 — 4 Turns Wire 0.8 mm ID 3mm 
RF Substrate, Teflon Glass 1/50 inch 35 
Note: L3 & L13 soldered on 70 W printed line L’3/L’13 
Figure 6. 470-860 MHz Test Circuit, Class AB 
TPV5055B MOTOROLA RF DEVICE DATA 





Figure 7. Bias Circuit, Class AB 








C1b — 22 uF 35 V Tantalum Capacitor P1b — 500 Q Trimmer 
C2b — 6.8 UF 35 V Tantalum Capacitor + 1.0 nF Chip Capacitor Rib — 2.2 kQ 1/4W 
C3b — 6.8 pF 35 V Tantalum Capacitor R2b — 1.5 kQ 1/4 W 
C4b — 1.0 nF Chip Capacitor R3b — 15 2 3.0 W SFERNICE 
C5b — 100 pF ATC 100A101JP50 R4b — 1.0 kQ 1/4 W 
D1b — Zener Diode 9.1 V R5b — 4721/2 W 
D2b — Diode 1N4007 (fixed in the heatsink R6b — 150 2 1/4 W 
next to the RF Transistor Flange) Tib — Transistor BC337 
Lib — 10 Turns Wire @ 30/100 around R6 y T2b — Transistor BD135 fixed on the heatsink 


Figure 8. PC Board Layout 





MOTOROLA RF DEVICE DATA TPV5055B 
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MOTOROLA 


m= SEMICONDUCTOR 2 
TECHNICAL DATA 


The RF Line 
NPN Silicon TPV6030 
RF Power Transistor 


The TPV6030 is designed for driver stages in band IV and V TV transmitter 
amplifiers. It incorporates high value emitter ballast resistors, gold metalliza- 
tions and offers a high degree of reliability and ruggedness. 

Including double input and output matching networks, the TPV6030 features 35 W, 470-860 MHz 
high impedances. It can easily operate in a full 470 MHz to 860 MHz bandwidth NPN TRAnGistOR 
in a single and simple circuit. REPOWER 


e To be used class A for TV band IV and V. 

e Specified 25 Volts, 860 MHz Characteristics 
Output Power = 20 Watts @ —51 dB (3 tones) 
Output Power = 35 Watts @ 1 dB Comp. (CW) 





MAXIMUM RATINGS 
Rating 
Collector-Emitter Voltage 
Collector-Base Voltage 


Emitter-Base Voltage 


Storage Temperature Range 


Operating Junction Temperature 


Total Device Dissipation @ T = 25°C. 
Derate above 25°C 


THERMAL CHARACTERISTICS — 


CASE 375A, STYLE 1 





Characteristic 


Thermal Resistance, Junction to Case (1) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 





[Characters | Simo [win [We [mex] Ut 
OFF CHARACTERISTICS 







Collector-Emitter Breakdown Voltage 


V(BR)CER Vde 
(Ic = 35 MA, Rpe = 75 Q) 
Collector-Emitter Breakdown Voltage V(BR)EBO Vde 
(I¢ = 10 mAdc) 
Collector-Base Breakdown Voltage V(BR)CBO Vde 
(IE = 35 mAdc) 
Collector-Emitter Leakage ICER mA 
(VCE = 30 V, Rbe = 75 2) 











ON CHARACTERISTICS 
DC Current Gain hee 
(I¢ = 2 Adc, Vog = 10 Vdc) 
DYNAMIC CHARACTERISTICS 
Output Capacitance (each side) (2) Cob pF 
(Vc = 28 V, IE = 0, f= 1 MHz) 
NOTES: (continued) 


1. Thermal resistance is determined under specified RF operating condition. 
2. Value of “Cop” is that of die only. It is not measurable in TPV6030 because of internal matching network. 





TPV6030 MOTOROLA RF DEVICE DATA 
2-830 


ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


[haractrsno | ‘Sumbot [win [eT Mex [ne 


FUNCTIONAL TESTS 


Common-Emitter Amplifier Power Gain 10.5 
(VCE = 25 V, Ico = 4.5 A, f = 860 MHz) 










intermodulation (-8 dB/—7 dB/-16 dB) (3) 
(VCE = 25 V, Pout = 20 W ref, Ic = 4.5 A, f = 860 MHz) 


Output Power @ 1 dB Compression Ww 
(VCE = 25 V, Ic = 4.5 A, f = 860 MHz) 


NOTE: 
3. Vision Carrier, Sound Carrier and Sideband Signal respectively. 









VcE=25V, IC =4.5A 





Table 1. Common Emitter S-Parameters 




















MOTOROLA RF DEVICE DATA TPV6030 
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MOTOROLA 


= SEMICONDUCTOR SE 
TECHNICAL DATA 


The RF Line 
UHF Linear Power Transistor 


. .. designed for output stages in Band IV & V TV transmitter amplifiers. Internal 
matching of both input and output along with use of a push-pull package 
configuration aids broadband amplifier designs. 


Gold metallized dice with diffused emitter ballast resistors enhances 25 W, 470-860 MHz 
reliability, ruggedness and linearity. UHF LINEAR 
* Band IV & V (470-860 MHz) ROWER TRANS ton 
e 25W— Pref @ —45 dB IMD 





e 25V—Vcc 
e Push-Pull Package 
e Gold Metallization for Reliability 


MAXIMUM RATINGS 
Rating 






Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage Vd 

Operating Junction Temperature | ty [200 [ c | 


THERMAL CHARACTERISTICS 


Characteristic 


i?) 






CASE 398, STYLE 1 





ELECTRICAL CHARACTERISTICS 
PC harcteristo———SSS*dYSSmbor in| [we | 
OFF CHARACTERISTICS (1) 







Collector-Emitter Breakdown Voltage V(BR)CEO Vde 
(ic = 120 mA, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 45 Vdc 
(Ic = 20 mA, IE = 0) 
Emitter-Base Breakdown Voltage V(BR)EBO 4.0 Vde 
(IE = 6.0 mA, Ic = 0) 
ON CHARACTERISTICS (1) 
DC Current Gain hee 10 
(Ic = 1.0 A, VcE = 20 V) 
DYNAMIC CHARACTERISTICS (1) 


Output Capacitance Cob OF 
(VcB = 28 V, IE = 0, f = 1.0 MHz) 


NOTE: (continued) 
1. Each transistor chip measured separately. 











TPV7025 MOTOROLA RF DEVICE DATA 
2-832 


ELECTRICAL CHARACTERISTICS — continued 


[Characters SSS we 


FUNCTIONAL TESTS (2) 


Common-Emitter Amplifier Power Gain 10.5 
(VCE = 25 V, Pout = 25 W, f = 860 MHz, Ioq = 3.2 A) 
y 


Load Mismatch 
(VCE = 25 V, Pout = 24 W, f = 860 MHz, No Degradation in Output Power 
Load VSWR = -:1, All Phase Angles) 


Overdrive (f = 470 MHz, 2 tones, VcE = 25 V, Ic = 3.2 A) Pinover Ww 
(No Degradation) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, VcE = 25 V, IE = 3.2 A, Pref = 25 W, 
Vision Carrier = —8.0 dB, Sound Carrier = —7.0 dB, 
Sideband Signal = —16 dB, Specification TV05001) 


Cross Modulation Distortion 
(Pref = 25 W, f = 860 MHz, A% Sound = (-7.0 dB), 
Vision 0 — Peak) 


NOTE: 
2. Both transistor chips operating in push-pull amplifier. 








TYPICAL CHARACTERISTICS 


1 
a 


Thp = 25°C 


IMD, INTERMODULATION DISTORTION (dB) 
IMD, INTERMODULATION DISTORTION (dB) 
1 
qa 





Thp = 25°C 
3 TONES: -8 dB, 7 dB, - b 
ee oe 3 TONES: —8 dB, -7 dB, -17 dB 
5 625 8 10 125 16 20 2 2 500 600 700 800 
Pout, OUTPUT POWER (WATTS) f, FREQUENCY (MHz) 
Figure 1. IMD versus Output Power Figure 2. IMD versus Frequency 
MOTOROLA RF DEVICE DATA TPV7025 


2-833 














BALUN BALUN 

Ci 8 
C1—15pF 
C2 — 180 pF 
C3— 10 pF 
C4 — 15 pF 
C5 — 15 pF ta 
C6 — 180 pF 
C7 — 4.7 pF PRINTED-BALUN @ 
C8 — 100 pF Fae) 
Li 90/16 mm a. a 
Se eel Vi v | 
se = 9 Laie 5 
L4—25/7mm 
L5—70/6mm 


L6— 70/26 mm 
L7—60/16mm 
R1—3.32 


Board Material: Teflon Glass Substrate .020 In. 


Figure 3. 470—860 MHz Broadband Test Circuit 





Table 1. Common Emitter S-Parameters 





TPV7025 MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR Se 


TECHNICAL DATA 

The RF Line TPV8100B 
NPN Silicon 

RF Power Transistor 


The TPV8100B is designed for output stages in band IV and V TV transmitter 
amplifiers. It incorporates high value emitter ballast resistors, gold metalliza- 150 W, 470-860 MHz 
tions and offers a high degree of reliability and ruggedness. NPN SILICON 

Including double input and output matching networks, the TPV8100B RF POWER TRANSISTOR 
features high impedances. It can easily operate in a full 470 MHz to 860 MHz 
bandwidth in a single and simple circuit. 


e To be used class AB for TV band IV and V. 
¢ Specified 28 Volts, 860 MHz Characteristics 

Output Power = 125 Watts (peak sync.) 

Output Power = 100 Watts (CW) 

Minimum Gain = 8.5 dB 
¢ Specified 32 Volts, 860 MHz Characteristics 

Output Power = 150 Watts (peak sync.) 

CASE 398, STYLE 1 


MAXIMUM RATINGS 








Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector-Current — Continuous 


Total Device Dissipation @ 25°C Case 
Derate above 25°C 





THERMAL CHARACTERISTICS 


[eharacteristie S*d;CSSvmbor | Max | CUnit 
Thermal Resistance, Junction to Case (1) Rec a eee ee 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


eB 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CER 
(Ic = 10 MA, Rpe = 75 Q) 
Collector-Emitter Breakdown Voltage V(BR)EBO 4 
(I¢ = 10 mAdc) 


Collector-Base Breakdown Voltage V(BR)CBO 
(lg = 20 mAdc) 

Collector-Emitter Leakage ICER 
(VCE = 28 V, Rbe = 75 Q) 


NOTE: ; (continued) 





1. Thermal resistance is determined under specified RF operating condition. 





MOTOROLA RF DEVICE DATA TPV8100B 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


a 


ON CHARACTERISTICS 


DC Current Gain 120 
(ic = 2 Adc, VCE = 10 Vdc) 


DYNAMIC CHARACTERISTICS 


Output Capacitance (each side) (2) 





(Vop = 28 V, IE = 0, f= 1 MHz) 
FUNCTIONAL TESTS IN CW (SOUND) 


Common-Emitter Amplifier Power Gain 
(Voc = 28 V, Pout = 100 W, Icq = 2 x 50 mA, f = 860 MHz) 
Collector Efficiency n % 
(Voc = 28 V, Pout = 100 W, Iq = 2 x 50 mA, f = 860 MHz) 
Output Power @ 1 dB Compression (Pref = 25 W) 
(Voc = 28 V, Ioq = 2 x 50 mA, f = 860 MHz) 


FUNCTIONAL TESTS IN VIDEO (STANDARD BLACK LEVEL) 


Peak Output Power (synch.) 
(Voc = 28 V, Ioq = 2 x 50 mA, f = 860 MHz) 


Peak Output Power (synch.) 
(Voc = 32 V, Ioq = 2 x 25 mA, f = 860 MHz) 


Recommended Quiescent Current 


NOTE: 
2. Value of “Cop” is that of die only. It is not measurable in TPV8100B because of internal matching network. 














oe, 


(MHz) (Ohms) (Ohms) 












i) 
SE, 470 1.95 +|3.67 10.0 + j9.50 
NE 665 3.65 + j6.82 9.23 + j1.30 
RY 860 6.66 + j13.8 4.45 + j5.22 
Oy 7 ZoL* = Conjugate of optimum load impedance into which 
KEY the device operates at a given output power, 
Zz voltage, current and frequency. 





am, 

lig 
oi 
S 


a 





Input and Output impedances with circuit tuned for maximum linearity @ Voc = 28 V/Icq = 2 x 50 MA/ Poyt = 100 W 


Figure 1. Series Equivalent Input/Output Impedances 





TPV8100B MOTOROLA RF DEVICE DATA 


2-836 





C1 c2 C3 
| C1, C9 — Chip Capacitor 15 nF 


Es C2, C10 — Chip Capacitor 100 nF 
C3, C11 — Chip Capacitor 100 4F/40 V 
C4 — Chip Capacitor 15 pF ATC 100A 
C5 — Chip Capacitor 5.6 pF ATC 100A 
C6 — Trimmer Capacitor 1-4 pF 
C7 — Chip Capacitor 12 pF ATC 100B 
C8 — Chip Capacitor 15 pF ATC 100A 
C12 — Chip Capacitor 12 pF ATC 100A 
L1, L38 — Coaxial Wire 25 0/85 Mils/40 mm 
L2, L4 — Printed Board Inductance 
R1, R2 — Chip Resistor 1 Q 0805 5% 


Figure 2. Test Circuit 





TYPICAL CHARACTERISTICS 
CW — WIDEBAND 


LAscR Ree ees 
fee eee eS 
eee ies a 







60 












a 
3 ‘3 —— 
z2 = 
3 3 pe el 
i ia 
Ss 
3 FE 
= ity} 
oa Se 
Ioq=2x50mA 
Ltt tt tt 
450 
{, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 3. Power Gain versus Frequency Figure 4. Collector Efficiency versus Frequency 
MOTOROLA RF DEVICE DATA TPV8100B 


2-837 


50 


a 
E 
= 
feed 
= 
oO 
a 
E 
=) 
a 
E 
= 
©: 
oad 





Pout = 100 W 


eNOS aE Rae ERER 


TYPICAL VIDEO CHARACTERISTICS @ f = 800 MHz 


100 


IRE 


TEST CONDITIONS: 


CHANNEL 61 
Ioq= 2x50 mA 
VcE = 28V 


14 
Pin, INPUT POWER (WAITS) 


Figure 5. Peak Output Power versus Peak 
Input Power 


TEST CONDITIONS: 
DIFF. Gain, 10 Steps 
Channel 61 
VCE = 28V 


oq =2x50 mA 
% 
100 


Pout = 130 W 


STANDARD BLACK LEVEL 





16 


Pout = 100 W 


VCE =28V 


0 r Black r 
40 


Po, OUTPUT POWER (WATTS) 


Ioq=2x 150 mA 





Pout = 130 W 


VIDEO SIGNAL 


TEST CONDITIONS: 
STANDARD BLACK LEVEL 
CHANNEL 61 
Ioq = 2x 300 mA 
VcE=28V 





> 4mm 
nZLLLTT 


2 4 6 


|| 
= 
8 


0. 12 14 16 
Pin, INPUT POWER (WATTS) 


Figure 6. Peak Output Power versus Peak 
Input Power 


100: 


IRE VIDEO SIGNAL 


Ioq= 2x 300 mA 





Pout = 100 W Pout = 110 W 


Figure 7. Gain versus Output Power 


TPV8100B 


2-838 





MOTOROLA RF DEVICE DATA 


TYPICAL VIDEO CHARACTERISTICS @ f = 800 MHz 














VcE=32V 
100 
IRE ‘ Black VIDEO SIGNAL 
wo U U 
|_| 
|__| 
pa | 
|_| 
g = VE = 32 V, log = 2.x 25mA 
x |__| in 
E a _ Pout = 
° > a coe 25W 10.6 dB 
> TEST CONDITIONS: sal vires 
5 STANDARD BLACK LEVEL 100 W 11.3 dB 
6 CHANNEL 61 120W 11.1 dB 
= log = 2x25 mA 130 W 11.0dB 
Vog = 32V 140 W 10.7 dB 
150 W 10.5 dB 
10 2 (14 16 160 W 10.2 dB 
Pin, INPUT POWER (WATTS) jess cule niet} 
Figure 8. Peak Output Power versus Peak 
Input Power 
TEST CONDITIONS: sab 
DIFF. Gain, 10 Steps 
Channel 61 IRE VIDEO SIGNAL 
VoE = 32V 0 
Icg = 2x25 mA 40 
% 
- — 100 — - 
_— _ 90 _ _— 
a a gy r = 
a ea | = 
= Sag = 
— _ 0 4 — 
Pout = 100 W Pout = 130 W Pout = 150 W 
Figure 9. Differential Gain 
MOTOROLA RF DEVICE DATA TPV8100B 
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140 mm 


SCALE 0.75:1 


Figure 10. Photomaster 
(Teflon® Glass 1/50 in., ey = 2.43) 





Figure 11. Components View 





TPV8100B MOTOROLA RF DEVICE DATA 
2-840 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line TPV8200B 
NPN Silicon 


RF Power Transistor 


The TPV8200B is designed for output stages in band IV and V TV transmitter 
amplifiers. It incorporates high value emitter ballast resistors, gold metalliza- 


Motorola Preferred Device 


tions and offers a high degree of reliability and ruggedness. Be Bowen TRENTO 
Including input and output matching networks, the TPV8200B features high NPN SILICON 

impedances. It can operate over the 470 MHz to 860 MHz bandwidth using a 

single fixed tuned circuit. 





e To be used class AB for TV band IV and V. 


e Specified 28 Volts, 860 MHz Characteristics 
Output Power = 190 Watts (peak sync.) 
Output Power = 150 Watts (CW) 
Gain = 8 dB Min 
CASE 375A, STYLE 1 2 


MAXIMUM RATINGS 





Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector-Current — Continuous 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


Quiescent Current (without RF drive) 





Storage Temperature Range 
THERMAL CHARACTERISTICS 


ee 
Thermal Resistance, Junction to Case (1) Rosc 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


a CParnietatie | Sano | i te | ee] 


OFF CHARACTERISTICS 
Collector-Emitter Breakdown Voltage V(BR)CEO 
(Ic = 20 mAde, Ip = 0) 
Collector-Base Breakdown Voltage V(BR)CBO 
(Ic = 20 mAde, IE = 0) 


Emitter-Base Breakdown Voltage V(BR)EBO 
(le = 20 mAdc, Ic = 0) 

Collector-Emitter Leakage Current ICER 
(VCE = 28 Vde, Ree = 75 Q) 


NOTE: (continued) 
1. Thermal resistance is determined under specific RF condition. 


Tefion is a registered trademark of du Pont de Nemours & Co., Inc. 
Preferred devices are Motorola recommended choices for future use and best overall value. 








MOTOROLA RF DEVICE DATA TPV8200B 
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ELECTRICAL CHARACTERISTICS — continued (Tc = 25°C unless otherwise noted) 


Characteristic Se ee ee ee 


ON CHARACTERISTICS 


[0C Curent Gein (ge =2A0eVoe=10W) ———s«dt—Ciwe | | | me] 


DYNAMIC CHARACTERISTICS 


Output Capacitance (each side) (2) Cob 76 pF 
(Vo = 28 Vde, IE = 0, f= 1 MHz) 


FUNCTIONAL TESTS IN CW 


Common-Emitter Amplifier Power Gain Gpe 
(VCE = 28 Vde, Pout = 150 W, Icq = 2 x 75 mA, f = 860 MHz) 

Collector Efficiency n % 
(VCE = 28 Vde, Pout = 150 W, Icq = 2 x 75 mA, f = 860 MHz) 


Output Power @ 1 dB Compression (Pref = 40 W) 
(VcE = 28 Vde, Icq = 2 x 75 mA, f = 860 MHz) 
Input overdrive: no degradation 
(VCE = 28 Vde, ICQ = 2 x 75 mA, f = 860 MHz) 
Output Mismatch Stress: 
(VCE = 28 Vdc, Pout = 120 W, Icq = 2 x 75 mA, f = 860 MHz, 
Load VSWR = 3:1, all phase angles at frequency of test) 


FUNCTIONAL TESTS IN VIDEO (Standard Black Level) 


Peak Output Power @ 1 dB Compression Pout 190 
(VCE = 28 Vdc, ICQ = 2 x 75 mA, f = 860 MHz) 
NOTE: 
2. Value of “Cop” is that of die only. It is not measurable in TPV8200B because of internal matching network. 


No Degradation in Output Power 
Before or After Test 





Voc 
O 





C1 — Chip Capacitor 47 pF ATC 100A C8 — Capacitor 220 nF/16 V R3 — Resistor 0.8 Q 
C2 — Chip Capacitor 12 pF ATC 100B C9 — Capacitor 100 nF/40 V R4 — Resistor 47 Q 
+ Trimmer Capacitor 0.5—4 pF C10 — Chip Capacitor 100 pF Vitramon R5 — Resistor 1.2 kQ 
C3 — Chip Capacitor 8.2 pF ATC 100B C11 — Chip Capacitor 15 nF Vitramon P1 — Trimmer Resistor 5 kQ 
C4 — Chip Capacitor 12 pF ATC 100B L1 — Coaxial 25 Q/length = 41 mm T1 — Transistor BD 135 
C5 — Chip Capacitor 100 pF ATC 100A L2— Coaxial 25 Q/length = 41 mm T2 — Transistor BD 135 
C6 — Chip Capacitor 2 x 1000 pF Vitramon R1 — Chip Resistor 47 Q PC Board: 1/50” Glass Teflon® e; = 2.55 
C7 — Chip Capacitor 2 x 0.1 uF Vitramon R2—2x 1 (0.5 Q) 


Figure 1. 860 MHz Test Circuit 
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INPUT 


Figure 3. Components View 


CAUTION 
The TPV8200B is a high power transistor and thermal adaptation is very important for good RF performance 
(see mechanical drawing for mounting recommendations). 
Maximum Ratings (see page 2-841) are given to avoid destruction of the transistor; another limitation is MMMTBF and the 
user must first determine the minimum wanted life-time in order to choose the right way of use for the device 
(see MMMTBF curves), especially in case of CW application. 


MOTOROLA RF DEVICE DATA 





OUTPUT 
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TYPICAL CHARACTERISTICS 


Sq Eanes 
faa cewee 
ld 


Pp, OUTPUT POWER (WATTS) 


VCE 
Icq=2x75 mA 





f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 4. Output Power @ 1 dB Comp. Figure 5. Power Gain versus Frequency 
versus Frequency 


1), EFFICIENCY (%) 


Po, OUTPUT POWER (WATTS) 


Ioq=2x75 mA 





0 50 100 150 
INPUT POWER (WATTS) OUTPUT POWER (WATTS) 
Figure 6. Output Power versus Input Power Figure 7. Collector Efficiency versus Output Power 








VcE = 28 V 

Icq =2x 75 mA 
a f = 860 MHz a 
3 cs 
é s~ 
= 
3 3 
fo} fo) 
= z 
G ui —40 
z z 

-50 
Po, OUTPUT POWER (WATTS) Po, OUTPUT POWER (WATTS) 
Figure 8. Intermodulation versus Peak Power Figure 9. Intermodulation versus Peak Power 
(Side Band) (Dual Sound) 
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TYPICAL VIDEO CHARACTERISTICS @ f = 860 MHz 


VCE = 28 V 


VCE =28V 


VoE=28V 
log =2x75mA 190F (input video Waveform) loq =2x75 mA (Input Video Waveform) 
f= 860 MHz f = 860 MHz 27% 
(Channel69) 0} ft (Channel 69) 
Black Level 40 Black Level 0% 


Po, OUTPUT POWER (WATTS) 
SYNC. PULSE (%) 





Pin INPUT POWER (WATTS) 


Figure 10. Peak Output Power versus Peak 
Input Power 


TEST CONDITIONS: (Input Video Waveform) 
ij 10% Rest Carrier 
Channel 69 
VCE =28V a le 
Icq =2x75mA 











Po, OUTPUT POWER (WATTS) 


Figure 11. Sync. Pulse versus Peak 
Output Power 





sa 90 - 9 - 
= 80 ae 80 = 
al 70 = 70 
= 60 - 60 xi 
= 50 - 50 oa 
aa 40 7 0 
30 = 3000=«~CT 
= 20 - 2 = - 
a 10 = 10 = 
0 = 0 = 

Pout = 100 W Pout = 150 W Pout = 210 W Pout = 210 W 

APL 10-90 (%) 

Figure 12. Gain versus Output Power 
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(MHz) (Ohms) (Ohms) 


0.80 + j2.11 7.93 + j0.94 


0.85 +j3.15 5.94 + j0.30 
1.56 + j4.20 4.55 — j0.02 
2.64 + j3.36 3.70 ~ j0.52 
2.72 +)2.24 2.91 -j0.92 





ZOL* = Conjugate of optimum load impedance into which 
the device operates at a given output power, 
voltage, current, and frequency. 





Base-base & collector-collector impedances with 
Circuit Tuned for Maximum Gain @ Vcg = 28 V/Icq = 2 x 75 MA/Poyt = 150 W 


Figure 13. Series Equivalent Input/Output Impedances 


RELIABILITY DEPENDENCE ON THERMAL CONSIDERATIONS 
MMMTEF: Metal Migration Mean Time Before Failure. 


Rth, JUNCTION - CASE (°C/W) 








JUNCTION TEMPERATURE (°C) JUNCTION TEMPERATURE (°C) 
Figure 14. Thermal Resistance versus Figure 15. MMMTBF versus Junction Temperature 
Junction Temperature 
TYPICAL CONDITIONS (120 W CW): TYPICAL CONDITIONS (210 W VIDEO): 

Pout = 120 W Pout = 70 W 

Fina ew PYigg = 161 W Fae aw Pdigg = 123 W 

VoE = 28 V MTBE = VoE =28V MTBF = 

= 45% > 4 Tot = 183°C 26 YEARS 1 = 38% Tjct = 156°C 252 YEARS 

Icq=9.5A 4 2 Icoq =6.6A 04 Alem? 

RTH = 0.7°C/W J = (5.64) 10% A/em RH = 0.7°C/W J = (3.92) 10* A/c 

Tmax = 70°C Tmax = 70°C 
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Amplifier 
Data Sheets 


MOTOROLA RF DEVICE DATA AMPLIFIER DATA SHEETS 
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MOTOROLA 


= SEMICONDUCTOR =o 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


. .. a solid state Class A amplifier specifically designed for TV transposers and 


transmitters. This amplifier incorporates microstrip technology and discrete linear 20 W, 470-860 MHz 
push-pull transistors with gold metallization and diffused emitter ballast resistors to LINEAR 
enhance ruggedness and reliability. POWER SUPPLY 
e 470-860 MHz 

© 20W— Pout 

e 26.5V—Vcc 


e 10.5 dB Min. Gain, Class A 


CASE 389B, STYLE 1 





MAXIMUM RATINGS 


Rating Tb [vain] 
a 
[Soucsandioad EWR GORE) «SWAG | 
ie 
Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Tc = 50°C, 50 Q system, Vcc = 26.5 V unless otherwise noted) 
Characteristic Symbol | Min | 
Banawih a 
Power Gain (Poyt = 20 W, CW) | Gf 105 | 
| 
ed 





Power Output @ 1 dB Gain Compression Pout(1 dB) 
Supply Current (Poyt = 20 W) 
input Retum Loss Poua= 20) a a 


Load Mismatch v 
(Pout = 20 W, CW, f = 860 MHz, Load VSWR = ~:1, No degradation in power output 


All Phase Angles) 


intermodulation Distortion — 3 tones IMD4 
(f = 860 MHz, VcE = 25.5 V, Pref = 20 W, 
Vision Carrier = -8 dB, Sound Carrier = —7 dB, 
Sideband Signal = —16 dB, Specification TV05001) 
intermodulation Distortion (IDEM) 
(f = 860 MHz, VcgE = 25.5 V, Pref = 20 W, 
Vision Carrier = —-8 dB, Sound Carrier = 10 dB, 
Sideband Signal = —16 dB) 


NOTE: 1. Case Temperature is measured at base plate — on RF transistor flange. 
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MOTOROLA 
= SEMICONDUCTOR 2x 


TECHNICAL DATA 

ATV6060 
The RF Line 
Broadband Linear 


Power Amplifier 


The ATV6060 is a solid state class A amplifier and is specifically designed for TV CLASS A 
transposers and transmitters. This amplifier incorporates microstrip technology and RF POWER AMPLIFIER 
reliable MOTOROLA push-pull transistors. 


e Specified 25.5 Volts, 470-860 MHz Characteristics 


Output Power = 40 Watts @ —50 dB IMD (3 tones) 
Output Power = 60 Watts @ 1 dB Comp. (CW) 
Gain = 9 dB Min (Small Signal) 
e Will Withstand Infinite Load VSWR 
e High Performance, Gold Metallized Die for Ultra Reliable Performance 
CASE 389U, STYLE 1 


MAXIMUM RATINGS 


ee 
[Sanya SSCS fie 
~ 
NOMINAL OPERATION CONDITION (Tc = 60°C) 


| Supply Curent(Voc=255¥) te PTA 
ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted, Zin, Zout = 50 2) 
Characteristic 
Power Gain (Small Signal) 
Gain Ripple (Small Signal) 
Output Power @ 1.0 dB Compression 


Load Mismatch (Pout = 60 W, Voc = 25.5 V, f = 860 MHz, 
Load VSWR = 9:1, all phase angles at frequency of test) 


intermodulation (-8 dB/-7 dB/—16 dB, Prof = 40 W) 
intermodulation (8 dB/-10 dB/-16 dB, Pref = 40 W) 

















[unit 
ame 





i 


p: 


input Return Loss 
Output Returm Loss 
NOTE: 1. Temperature is measured at temperature test point (on the flange of the transistor). 


vu 
= 
a 
wo 
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TYPICAL CHARACTERISTICS 





ee S 
g 5 
z a 
<= Rn 
S tc 
oc a 
& = 
2 8 
Qa. 
So 
Pout = 100 mw 
450 500 600 700 800 900 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Power Gain versus Frequency Figure 2. Gain Compression versus Frequency 
TEST CONDITIONS: 100 
Diff. Gain, 10 Steps 
Channel 61 IRE ‘ VIDEO SIGNAL 
VCE = 25.5 V 40 
Isup = 9.2 A 


Isup =9.2A 20 
Pref = 40 W a 10 


gS 

S 

i 100 — 
ma 

S 90 
2 80 
Fa 70 
& 60 
= 50 
8 40 
= Voc = 25.5. V 30 - 
= 

Zz 

a 

= 








Pout = 55 W Pout = 80 W 
, FREQUENCY (MHz) out 
Figure 3. Intermodulation versus Frequency Figure 4. Gain versus Output Power 
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MOTOROLA 
m= SEMICONDUCTOR Sox 
TECHNICAL DATA 


CAS901 
The RF Line CAS01A 
VHF/UHF CATV Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifically 


intended for CATV/MATV market requirements. These amplifiers feature ion-implanted 17 4B 

arsenic emitter transistors and an all gold metal system. 40-860 MHz 

Specified Characteristics at Vcc = 24 V, Tc = 25°C: VHF/UHF 
Frequency Range — 40 to 860 MHz CAO 


Power Gain — 17 dB Typ @ f = 40 MHz AMPLIFIERS 


Noise Figure — 6.5 dB Typ @ f = 500 MHz 
120 dBuV DIN45004B @ 860 MHz 


¢ All Gold Metallization for Improved Reliability 
e Superior Gain, Return Loss and DC Current Stability with Temperature 





CASE 714P, STYLE 2 
MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 
RF Voltage Input (Single Tone) 


Supply Voltage 
Operating Case Temperature Range 





Storage Temperature Range 
ELECTRICAL CHARACTERISTICS (Tc = 25°C, Voc = 24 V, 75 Q system unless otherwise noted) 


Se 
CO 
[PonerGani=aomme) ————SSSCSC~C~“~SC*~“~‘wS Ps | | 
Sop 40-860 A 


Input/Output Return Loss f= 40-100 MHz IRL/ORL 20 — 
f = 100-800 MHz 15 17 
f= 800-860 MHz 10/15 12/18 


Second Order Intermodulation Distortion CA901 
(Vout = +50 dBmV per ch.) CA901A 


DIN45004B (See Figure 1) f= 40-400 MHz dByVv 
f = 400-860 MHz 




















Noise Figure f = 500 MHz 
f = 860 MHz 


Supply Current 
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CA901eCA901A 
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Figure 1. DIN45004B Test 


PIN CONFIGURATION 







1203 4 5 6 7 8 9 


INPUT OUTPUT 
Voc 
a c2 
C1, 220.01 pF (chip) 
R= 110.0, 2 Watts 


Figure 2. External Connections 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


CA902 
The RF Line | CA9S02A 
VHF/UHF CATV Amplifiers 


. .. designed for broadband applications requiring low-distortion and high output 


capability. Specifically intended for CATV/MATV market requirements. These amplifiers 170B 

feature ion-implanted arsenic emitter transistors and an all gold metal system. 40-860 MHz 

* Specified Characteristics at Tc = 25°C; Vcc = 28 V pies 
Frequency Range — 40 to 860 MHz CATVIMA 


Power Gain — 17 dB Typ @ f = 40 MHz ARERR? 
Noise Figure — 7.0 dB Typ @ f = 500 MHz 
123 dBuV DIN45004B @ 860 MHz 


e All Gold Metallization for Improved Reliability 
e Superior Gain, Return Loss and DC Current Stability with Temperature 





CASE 714P, STYLES 2,3 
(CA) 





MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


RF Input Power Per Tone | Pin [ #t7 [Bm 
Operating Case Temperature Range 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 28 V, 75 Ohm System) 
Characteristic 





DC 


Gain Flatness FL 


[Symbol] 
cae 
8! 
aes 


Input/Output Return Loss f = 40 - 100 MHz IRL/ORL 
f = 100 - 800 MHz 
f = 800 — 860 MHz 
Second Order Intermodulation Distortion (Vo = + 50 dBmV/ch.) CA902 
CA902A 


DIN45004B (See Figure 1) f = 40 —- 400 MHz 
f = 400 — 860 MHz 


Noise Figure f= 500 MHz NF 
f = 860 MHz 
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Figure 1. DIN45004B Test 


CA902eCA902A 
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C1, 220.01 wF (chip) 
R = 90 Ohms, 3 Watts 


Figure 2. External Connections 
Case 714P-01, Style 2 
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MOTOROLA 


= SEMICONDUCTOR Sa 
TECHNICAL DATA 


The RF Line 
VHF/UHF CATV Amplifier 


... designed for broadband applications requiring low-distortion and high output 


capability. Specifically intended for CATV/MATV market requirements. These amplifiers 17 4B 

feature ion-implanted arsenic emitter transistors and an all gold metal system. 40-860 MHz 

¢ Specified Characteristics at Tc = 25°C; Vcc = 15 V VHF/UHF 
Frequency Range — 40 to 860 MHz CATVIMATY 


Power Gain — 17 dB Typ @ f = 40 MHz ANPIARIER 
Noise Figure — 7.0 dB Typ @ f = 500 MHz 
123 dBuV DIN45004B @ 860 MHz 


e All Gold Metallization for Improved Reliability 
e Superior Gain, Return Loss and DC Current Stability with Temperature 











MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 
























RF Input Power Per Tone P Pin [tT Bm 
Operating Case Temperature Range 


Gain Flatness 


Input/Output Return Loss f= 40 - 100 MHz IRL/ORL 
f= 100 — 800 MHz 
f = 800 — 860 MHz 





Ipc 
BW 
FL 
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Figure 1. DIN45004B Test 


Pin Configuration 


123456789 





Input Output 


Voc 


C1 20.01 pF (chip) 


Figure 2. External Connections 
Case 714P-01, Style 3 
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MOTOROLA 
= SEMICONDUCTOR Ss 
TECHNICAL DATA 


CA922 
The RF Line CA922A 
VHF/UHF CATV Amplifiers Motorola Prefered Devices 


Designed for broadband applications requiring low-distortion and high output capability. 


Specifically intended for CATV/MATV market requirements. These amplifiers feature 17 dB 
ion-implanted arsenic emitter transistors and an all gold metal system. 40~860 MHz 
¢ Specified Characteristics at Voc = 24 V, Tc = 25°C VHF/UHF 


CATV/MATV 


Frequency Range — 40 to 860 MHz AMPLIFIERS 


Power Gain — 17 dB Typ @ f = 40 MHz 
Noise Figure — 7.0 dB Typ @ f = 500 Mhz 
123 dBuV DIN45004B @ 860 MHz 


e All Gold Metalization for Improved Reliability 
e Superior Gain, Return Loss and DC Current Stability with Temperature 
e Improved 2nd Order IMD Available (CA922A) 

















MAXIMUM RATINGS 


Supply Voltage 








RF Input Power Per Tone 








Storage Temperature 
Operating Case Temperature Range 
ELECTRICAL CHARACTERISTICS (Tc = 25°C, Voc = 24 V, 75 Ohm System) 


Characteristic | Symbol | 
Supply Current ide 
Power Gain (f = 40 MHz) Bo SPO 












Bandwidth 
Slope (40 - 860 MHz) 
Gain Flatness PE 


Input/Output Return Loss f= 40-100 MHz IRL/ORL 
f= 100-800 MHz 
f = 800-860 MHz 


BW 
FL 
Second Order Intermodulation Distortion CA922 
(Vo = +50 dBmV/ch.) CA922A 








DIN45004B (See Figure 1) f = 40-400 MHz 
f = 400-860 MHz 


Noise Figure f= 500 MHz 


f= 860 MHz 


Preferred devices are Motorola recommended choices for future use and best overall value. 
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Figure 1. DIN45004B Test 





C1, 220.01 pF (chip) 
R = 65 Ohms, 2 Watts 


Figure 2. External Connections 





MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR Sa 
TECHNICAL DATA 


CA2810C 


The RF Line 
Wideband Linear Amplifier 


. .. designed for amplifier applications in 50 ohm systems requiring wide bandwidth, low 


noise and low distortion. This hybrid provides excellent gain stability with temperature and 34 dB 

linear amplification as a result of the push-pull circuit design. 10-450 MHz 

¢ Specified Characteristics at Vcc = 24 V, Tc = 25°C: peotaalaie 

e Frequency Range — 10 to 450 MHz LINEAR AMPLIFIER 


Output Power — 1 W Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 34 dB Typ @ f = 50 MHz 

PEP — 400 mW Typ @ -32 dB IMD 

Noise Figure — 5 dB Max @ f = 300 MHz 


e All Gold Metallization for Improved Reliability 





MAXIMUM RATINGS 
Rating 
DC Supply Voltage 


< 


Cc 


fo) 


RF Power Input + 


5 
Operating Case Temperature Range To —20 to +100 
Storage Temperature Range —40 to +100 


Characteristic Symbol 
Frequency Range 


Gain Flatness (f = 10-450 MHz) 

Power Gain (f = 50 MHz) 

Noise Figure, Boradband (f = 300 MHz) 

Power Output — 1 dB Compression (f = 200 MHz) 
Third Order Intercept (See Figure 10, fy = 300 MHz) 
Input/Output VSWR (f = 10-450 MHz) 


Second Harmonic Distortion 
(Po = 100 mW, foH = 10-300 MHz) 


Reverse Isolation (f = 10-450 MHz) 


CASE 714F, STYLE 1 
[CA (POS. SUPPLY)] 




















Peak Envelope Power 
(Two Tone Distortion Test — See Figure 10) 
(f = 10-450 MHz @ -32 dB IMD) 


Supply Current 
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TYPICAL CHARACTERISTICS 


PG, POWER GAIN (dB) 


ween 40°C 
+ 100°C 





“0 100 200 300 400 500 600 700 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 


Figure 1. Power Gain versus Voltage Figure 2. Relative Power Gain versus Temperature 
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3 coeee 15V 
2 ee 24 
——— 2V 
“0 100 200 300 400 500 600 700 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 3. 1 dB Compression versus Voltage Figure 4. Noise Figure versus Voltage 
e 
S 
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2° ns 
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Figure 5. Third Order Intercept versus Voltage Figure 6. Peak Envelope Power versus Voltage 
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HARMONIC LEVEL RELATIVE TO FUNDAMENTAL (dB) 
DELAY (ns) 





200 


{, Fi 'Y (MH: 
fH, FREQUENCY (MHz) REQUENCY (MHz) 


Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 


Biased at 24 a T=25°C Zo= 502 





Magnitude in dB, Phase Angle in degrees. 


Table 1. S-Parameters 


PIN CONFIGURATION 


INPUT OUTPUT 


ITO = Po + IMD/2 @ IMD > 60 dB 
PEP = 4x Po @ IMD =— 32 dB 





Figure 9. External Connections Figure 10. Intermodulation Test 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line CA2818C 


Wideband Linear Amplifier 


. .. designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 18.5 dB 
and linear amplification as a result of the push-pull circuit design. 10-400 MHz 
© Specified Characteristics at Vcc = 24 V, Tc = 25°C: ereraell ase 
Frequency Range — 0.35 to 400 MHz 
Output Power — 1000 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 18.5 dB Typ @ f = 50 MHz 
PEP — 1000 mW Typ @ —32 dB IMD, f = 200 MHz 
Noise Figure — 5 dB Typ @ f = 200 MHz 
ITO — 47 dBm Typ @ f = 150 MHz 
e All Gold Metallization for Improved Reliability 


e Unconditional Stability Under All Load Conditions 


LINEAR AMPLIFIER 


MAXIMUM RATINGS 


Symbor_[ vane — | 

0 

ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 24 V, 50 Q system unless otherwise noted) 
Characteristic 

















CASE 714F, STYLE 1 
[CA (POS. SUPPLY)] 





Frequency Range 

Gain Flatness (f = 0.35-400 MHz) 

Power Gain (f = 50 MHz) 

Noise Figure, Broadband (f = 200 MHz) 

Power Output — 1 dB Compression (f = 200 MHz) 
Third Order Intercept (See Figure 10, fy = 200 MHz) 
Input/Output VSWR (f = 0.35-400 MHz) 


Second Harmonic Distortion (Pg = 100 MW) fo}4 = 0.35—200 MHz 
foH = 200-400 MHz 


Peak Envelope Power (Two Tone Distortion Test — See Figure 10) 
f = 0.35-200 MHz @ —32 dB IMD 
f = 200-400 MHz @ —32 dB IMD 


Supply Current 
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TYPICAL CHARACTERISTICS 
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Figure 1. Power Gain versus Voltage Figure 2. Relative Power Gain versus Temperature 
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DELAY (ns) 








HARMONIC LEVEL RELATIVE TO FUNDAMENTAL (dB) 





100 200 300 400 
{, FREQUENCY (MHz) 


0 100 «200 300 400 500 600 700 
fH, HARMONIC FREQUENCY (MHz) 


Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 


Biased at 24 Volts T=25°C Zo = 500 





Magnitude in dB, Phase Angle in degrees. 


Table 1. S-Parameters 


PIN CONFIGURATION 


INPUT OUTPUT 





ITO = Po+IMD/2 @ IMD > 60 dB 
PEP = 4 x Po @ IMD =— 32 dB 





Figure 9. Functional Schematic Figure 10. Intermodulation Test 
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MOTOROLA 


= SEMICONDUCTOR 


TECHNICAL DATA 


The RF Line 


Wideband Linear Amplifiers 


. . designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result of the push-pull circuit design. 


e Specified Characteristics at Vcc = 24 V, Tc = 


Frequency Range — 5 to 200 MHz 


25°C: 


Output Power — 800 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 34.5 dB Typ @ f = 100 MHz 


PEP — 800 mW Typ @ -32 dB IMD 


Noise Figure — 4.7 dB Typ @ f = 200 MHz 


ITO — 46 dBm @ f = 200 MHz 
e All Gold Metallization for Improved Reliability 
e Unconditional Stability Under All Load Conditi 


MAXIMUM RATINGS 
Rating 
DC Supply Voltage 
RF Power Input 


Operating Case Temperature Range 


Storage Temperature Range 


Characteristic 
Frequency Range 
Gain Flatness (f = 5-200 MHz) 
Power Gain (f = 100 MHz) 
Noise Figure, Broadband (f = 200 MHz) 


Power Output — 1 dB Compression 
(f = 5-200 MHz) 


Power Output — 1 dB Compression 
(f = 5-200 MHz, Vcc = 28 V) 


Third Order Intercept (See Figure 10, fy = 200 MHz’ 
Input/Output VSWR (f = 5—200 MHz) 


Second Harmonic Distortion 
(Tone at 100 mW, fo} = 150 MHz) 


= 7 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 10) 
(f = 5-200 MHz @ —32 dB IMD) 


Supply Current 


ions 


~-20 to +100 
—40 to +100 


cis 
[an | 
rec 








CA2830C 
CA2833C 


34.5 dB 
5-200 MHz 
800 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714F, STYLE 1 
(CA) 
CA2830C 





CASE 714G, STYLE 1 
[CA, LOW PROFILE] 
CA2833C 





MOTOROLA RF DEVICE DATA 


CA2830CeCA2833C 
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TYPICAL CHARACTERISTICS 


Pg, POWER GAIN (dB) 


-3 dB POINTS 
f= 1.5 MHz 
fu = 360 MHz 





0 100 200 300 400 500 600 700 
{, FREQUENCY (MHz) 


Figure 1. Power Gain versus Frequency 


Pot dB, POWER OUTPUT (dBm) 





0 100 200 300 400 500 600 700 
f, FREQUENCY (MHz) 


Figure 3. 1 dB Gain Compression versus Voltage 


ITO, 3RD ORDER INTERCEPT POINT (dBm) 
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Figure 5. Third Order Intercept versus Voltage 


CA2830CeCA2833C 
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AGAIN (dB) 





1 10~—«100-=«200« 300-400 »«500 600 
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Figure 2. Relative Power Gain versus Temperature 


NF, NOISE FIGURE (dB) 
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f, FREQUENCY (MHz) 


Figure 4. Noise Figure versus Voltage 


PEP, POWER (dBm) 





0 100 200 300 400 500 600 700 
{, FREQUENCY (MHz) 


Figure 6. Peak Envelope Power versus Voltage 





MOTOROLA RF DEVICE DATA 


HARMONIC LEVEL RELATIVE TO FUNDAMENTAL (dB): 
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Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 
Biased at 24 Volts T=25°C Zo =50Q 





Magnitude in dB, Phase Angle in degrees. 


Table 1. S-Parameters 


PIN CONFIGURATION 


INPUT OUTPUT 





TO = Py + MO @ IMD > 60dB 
PEP = 4X Pg @ IMD = ~32dB 


Figure 9. External Connections Figure 10. Intermodulation Test 
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MOTOROLA 


= SEMICONDUCTOR Sx 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifier 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 


low noise and low distortion. This hybrid provides excellent gain stability with temperature 35.5 dB 
and linear amplification as a result of the push-pull circuit design. 1-200 MHz 
* Specified Characteristics at Vc = 28 V, Tc = 25°C: eet 


Frequency Range — 1 to 200 MHz 
Output Power — 1580 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 35.5 dB Typ @ f = 100 MHz 
PEP — 900 mW Typ @ —32 dB IMD 
Noise Figure — 5 dB Typ @ f = 200 MHz 
ITO — 47 dBm @ f = 200 MHz 
e All Gold Metallization for Improved Reliability 


e Unconditional Stability Under All Load Conditions 


LINEAR AMPLIFIER 


MAXIMUM RATINGS 
a 
[arora «dn | 












CASE 714F, STYLE 1 
[CA (POS. SUPPLY)] 


Operating Case Temperature Range 
Storage Temperature Range —40 to +100 


Characteristic 
Frequency Range 
Gain Flatness (f = 1-200 MHz) 
Power Gain (f = 100 MHz) 
Noise Figure, Broadband (f = 200 MHz) 
Power Output — 1 dB Compression (f = 1-200 MHz) 


Power Output — 1 dB Compression (f = 150 MHz) 


Third Order Intercept (See Figure 10, fy = 200 MHz) 
Input/Output VSWR (f = 1-200 MHz) 
Second Harmonic Distortion (Pp = 100 mW, fory = 150 MHz) 


Peak Envelope Power (Two Tone Distortion Test — See Figure 10) 
(f = 1-200 MHz @ —32 dB IMD) 


Supply Current 








CA2832C MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 


38 
37 ~3dB POINTS fL = 0.3 MHz 
fu = 312 MHz 

@ 36 
= - 
& 3 a 
g Z 
oe E 
EZ 33 





0 100 200 300 400 500 600 700 “0 100 200 300 400 500 600 700 
f, FREQUENCY (MHz) {, FREQUENCY (MHz) 
Figure 1. Power Gain versus Voltage Figure 2. Relative Power Gain versus Temperature 


PotdB, POWER OUTPUT (dBm) 
NF, NOISE FIGURE (dB) 





0 100 200 300 400 500 600 700 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 





Figure 3. 1 dB Compression versus Voltage Figure 4. Noise Figure versus Voltage 


{TO, 3RD ORDER INTERCEPT POINT (dBm) 
PEP, POWER (dBm) 
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Figure 5. Third Order Intercept versus Voltage Figure 6. Peak Envelope Power versus Voltage 
MOTOROLA RF DEVICE DATA ; CA2832C 
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HARMONIC LEVEL RELATIVE TO FUNDAMENTAL (dB) 





fH, FREQUENCY (MHz) 


Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 


Biased at 28 Volts Tce = 25°C Zo = 500 
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Magnitude in dB, Phase Angle in degrees. 


Table 1. S-Parameters 


PIN CONFIGURATION 


123456789 
le 





OUTPUT 








i ages ITO = Po +IMD/2 @ IMD > 60 dB 
Voc > PEP = 4x Po @ IMD =—32 dB 
Figure 9. External Connections Figure 10. intermodulation Test 
CA2832C MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line CA2842C 


Wideband Linear Amplifier 


. . designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 


low noise and low distortion. This hybrid provides excellent gain stability with temperature 22 dB 

and linear amplification as a result of the push-pull circuit design. 10-400 MHz 

« Specified Characteristics at Vcc = 24 V, Tc = 25°C: isesanp 
Frequency Range — 10—400 MHz 


LINEAR AMPLIFIER 


Output Power — 1580 mW Typ @ 1 dB Compression, f = 200 MHz, Vcc = 28 V 
Power Gain — 22 dB Typ @ f = 100 MHz 

PEP — 650 mW Min @ —32 dB IMD 

Noise Figure — 4 dB Typ @ f = 100 MHz 

ITO — 46 dBm @ f = 300 MHz 


e All Gold Metallization for Improved Reliability 
e Unconditional Stability Under All Load Conditions 


MAXIMUM RATINGS 
Rating 


CASE 714F, STYLE 1 
[CA (POS. SUPPLY)] 





Noise Figure, Broadband (f = 100 MHz) 


Power Output — 1 dB Compression 
(f = 10-200 MHz, Voc = 28 V) 


Power Output — 1 dB Compression 
(f = 200-400 MHz, Vcc = 28 V) 


Third Order Intercept 
(See Figure 10, fy = 10—400 MHz, See Fig. 10) 


Input/Output VSWR (f = 10-400 MHz) 


Second Harmonic Distortion 
(Po = 100 mW, for = 300 MHz) 
Peak Envelope Power 


(Two Tone Distortion Test — See Figure 10) 
(f = 200 MHz @ —32 dB IMD) 


Supply Current 








MOTOROLA RF DEVICE DATA CA2842C 
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TYPICAL CHARACTERISTICS 
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Pout = + 20 dBm 





HARMONIC LEVEL RELATIVE TO FUNDAMENTAL (dB) 


z 
% 
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0 100 200 300 400 500 600 700 “"o 100 200 300 400 500 600 700 
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Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 
Biased at 24 Volts To =25°C Zo = 502 





Magnitude in dB, Phase Angle in degrees. 


Table 1. S-Parameters 


PIN CONFIGURATION 





ITO = Po + IMD /2 @ IMD > 60 dB 
PEP = 4x Po @ IMD =-32dB 


Figure 9. External Connections Figure 10. Intermodulation Test 
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MOTOROLA 


= SEMICONDUCTOR os 
TECHNICAL DATA 


CA2850CR 
The RF Line CA2851CR 
Wideband Linear Amplifiers 


. .. designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 


low noise and low distortion. This hybrid provides excellent gain stability with temperature 17.5dB 

and linear amplification as a result of the push-pull circuit design. 40-100 MHz 

Specified Characteristics at Vcc = -19 V, Tc = 25°C: an 
Frequency Range — 40 to 100 MHz 


Output Power — 320 mW Typ @ 1 dB Compression, f = 100 MHz, oe 
Power Gain — 17.5 dB Typ @ f = 100 MHz 
PEP — 300 mW Typ @ —32 dB IMD 

Noise Figure — 4.5 dB Typ @ f = 70 MHz 


e All Gold Metallization for Improved Reliability 
e Lower Power Consumption — Icc = 125 mA Typ @ Vcc =-19 V 


MAXIMUM RATINGS ; 
















DC Supply Voltage 


Operating Case Temperature Range ~20 to +100 Ez 
Storage Temperature Range —40 to +100 


Vde 
°C 


CASE 714H, STYLE 1 
(CA) 
CA2850CR 





Characteristic 


[Fewoyfane SSS | wo | — | | 
[can Feness f=a0-T00wre) | _— | — [20a [0a 
[Nabe Fg, Sadbard @=TowR’ | _we | — [8] | 

= 


CASE 714L, STYLE 1 
(CA, LOW PROFILE) 
CA2851CR 





Power Output — 1 dB Compression Po idB 
(f = 40-100 MHz) 


cae 


Second Harmonic Distortion 
(Tone at 250 mW, fay = 100 MHz) 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 9) 
(f= 40-100 MHz @ —32 dB IMD) 


Supply Current 








CA2850CReCA2851CR MOTOROLA RF DEVICE DATA 
3-28 


TYPICAL CHARACTERISTICS 


Pg, POWER GAIN (dB) 
AGAIN (dB) 
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f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Power Gain versus Frequency Figure 2. Relative Power Gain versus Temperature 
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Pout = + 15.dBm 


HARMONIC LEVEL RELATIVE TO FUNDAMENTAL (d8) 
DELAY (ns) 
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Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 
Biased at — 19 Volts T= 25°C Zo = 502 





Magnitude in dB, Phase Angle in degrees. 


Table 1. S-Parameters 


PIN CONFIGURATION 








INPUT OUTPUT 
ITO = Po + M2 @ Imp > 6008 
PEP = 4X Pg @ IMD = -32cB 
Figure 9. intermodulation Test Figure 10. External Connections 
CA2850CReCA2851CR MOTOROLA RF DEVICE DATA 
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MOTOROLA 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifier 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 
low noise and low distortion. This hybrid provides excellent gain stability with temperature 
and linear amplification as a result of the push-pull circuit design. 

Two V+ inputs, one for the preamplifier and one for the final stage, provide a convenient 
means of RF leveling by variation of the final stage V+ voltage. Although the uncorrected 


= SEMICONDUCTOR 


CA2870C 


34 dB 
10-450 MHz 


800 mWATT 
WIDEBAND 


flatness of this module is superb (+0.5 dB typical), the leveling provisions provide LINEAR AMPLIFIER 


convenient means of correcting for the frequency response of succeeding stages and 
injection of AM modulation. 
e Specified Characteristics at Vcc = 24 V, Tc = 25°C: 

Frequency Range — 10—450 MHz 

Output Power — 1 W Typ @ 1 dB Compression, f = 200 MHz 

Power Gain — 34 dB Typ @ f = 100 MHz 

PEP — 400 mW Typ @ —32 dB IMD 

Noise Figure — 5 dB Max @ f = 300 MHz 


e All Gold Metallization for Improved Reliability 
e Amplitude Leveling Provision 













MAXIMUM RATINGS 


Rating —*dCSmbo_| 
[AF Povermpt ——SS*d in | | | 


a 
[Fanon SSSCSC~dC 
[Gain Fanos (=10-80M) —————SSSSCSCSC~idCSC Sid 









[Second Hamer Dsorion Pom to nWiay=ooMRA | deo 
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Peak Envelope Power (Two Tone Distortion Test — See Figure 10) 
(f = 10-450 MHz @ —32 dB IMD) 


Supply Current 









Ioc 





CA2870C 


MOTOROLA RF DEVICE DATA 
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TYPICAL CHARACTERISTICS 














16 
1.0 
cy 05 
z 
3 ze 00 
a Z2 
Lu 9 
5 é -05 
rd -10 
Voc = 28V 
-15 eeeee -40°C 
(i rs 
-2.0 
0 100 §=6200 »§= 300 Ss 400 500 600 700 0 100 200 300 400 500 600 700 
{, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Power Gain versus Voltage Figure 2. Relative Power Gain versus Temperature 
= 
Ss a 
=z 
= r 
= st 
fo} (0) 
fang wu 
= 2 
2 2 
g rs 
& 
0 100 200 300 400 500 600 700 400 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 3. 1 dB Compression versus Voltage Figure 4. Noise Figure versus Voltage 
= 
8 
= 
Zz 
& e 
bi S 
2 5 
w = 
Z 
a 
2 f 
So 
Qa 
c 
ie 
e 
18 
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 5. Third Order Intercept versus Voltage Figure 6. Peak Envelope Power versus Voltage 
CA2870C MOTOROLA RF DEVICE DATA 


3-32 


HARMONIC LEVEL RELATIVE TO FUNDAMENTAL (dB) 
DELAY (ns) 
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fH, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 
Biased at 24 Volts To = 25°C Zo = 500 





Magnitude in dB, Phase Angle in degrees. 


Table 1. S-Parameters 


PIN CONFIGURATION 


INPUTO O OUTPUT 





0.01 pF 
ree L : 











RFC 2 30 pH 
Voor © Veca . ITO = Po + IMD/2 @ IMD > 60 dB 
PEP = 4x Po @ IMD =~ 32 dB 
Figure 9. External Connections Figure 10. Intermodulation Test 
MOTOROLA RF DEVICE DATA CA2870C 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


CA2875CR 


The RF Line 
Wideband Linear Amplifier 


. .. designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 


low noise and low distortion. This hybrid provides excellent gain stability with temperature 17.5 dB 

and linear amplification as a result of the push-pull circuit design. 40-100 MHz 

e Specified Characteristics at Voc =—19 V, Tc = 25°C: Abeosho 
Frequency Range — 40 to 100 MHz 


Output Power — 400 mW Typ @ 1 dB Compression, f = 100 MHz eos 
Power Gain — 17.5 dB Typ @ f = 100 MHz 
PEP — 300 mW Typ @ —32 dB IMD 

Noise Figure — 4.5 dB Typ @ f = 70 MHz 
ITO — 43 dBm @ f = 70 MHz 


¢ All Gold Metallization for Improved Reliability 
e Specified for 75 Ohm Systems 


MAXIMUM RATINGS 


= 





Second Harmonic Distortion (Tone at 250 mW, fay = 100 MHz) 


Peak Envelope Power (Two Tone Distortion Test — See Figure 10) 
(f = 40-100 MHz @ —32 dB IMD) 


Supply Current 
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TYPICAL CHARACTERISTICS 


Pg, POWER GAIN (dB) 
AGAIN (4B) 
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Figure 1. Power Gain versus Frequency Figure 2. Relative Power Gain versus Temperature 
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ITO, 3RD ORDER INTERCEPT POINT (dBm) 
PEP, POWER (dBm) 
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HARMONIG LEVEL RELATIVE TO FUNDAMENTAL (dB) 
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Figure 7. Second Harmonic Distortion versus Voltage Figure 8. Group Delay versus Frequency 
Biased at -19 Volts T=25°C Zo=75Q 





Magnitude in dB, Phase Angle in degrees. 


Table 1. S-Parameters 


PIN CONFIGURATION 


INPUT OUTPUT 








Vo OF TO = Pp + M2 @ Imp > 6008 
PEP = 4X Po @ IMD = -320B 
Figure 9. External Connections Figure 10. Intermodulation Test 
CA2875CR MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR ox 
TECHNICAL DATA 


CA4800C,CS 
CA4812C,CS 
CA4815C,CS 


The RF Line 
Wideband Linear Amplifiers 


. .. designed for amplifier applications in 50 ohm systems requiring wide bandwidth, low 


noise and low-distortion. This hybrid provides excellent gain stability with temperature and 17 dB 

linear amplification as a result of the push-pull circuit design. 10-1000 MHz 
ee eet ae Capers 400 mW 

e Specified Characteristics at Vcc = 24 V, Tc = 25°C: WIDEBAND 


Frequency Range — 10 to 1000 MHz 
Output Power — 400 mW Typ @ 1 dB Compression, f = 900 MHz 
Power Gain — 17.5 dB Typ @ 1000 MHz 
Noise Figure — 6.5 dB Typ @ f = 500 MHz 
ITO — 38 dBm Typ @ 1000 MHz 
e All Gold Metallization for Improved Reliability 
© CA4812C is Optimized for 12 V Operation 


e CA4815C is Optimized for 15 V Operation 


LINEAR AMPLIFIERS 





CASE 714P, STYLES 2, 3 
CA4800C, CA4812C, CA4815C 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Supply Voltage CA4800C,CS 
CA4815C,CS 
CA4812C,CS 





CASE 714T, STYLES 1,2 
CA4800CS, CA4812CS, 
CA4815CS 


Vcc 28 Vv 
18 
14 
Storage Temperature ~40 to +100 
Operating Case Temperature Range ~20 to +100 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Voc = 24 V, 50 Ohm System) 
Characteristic 


Supply Current CA4800C,CS 
CA4812C,CS; CA4815C,CS 





Power Gain (f = 1000 MHz) 

Bandwidth (3 dB Down at 10 MHz) 

Gain Flatness (f = 40-1000 MHz) 

Power Output — 1 dB Compression (f = 900 MHz) 


Input/Output VSWR f = 40-900 MHz 
f = 900-1000 MHz 


Noise Figure, Broadband f = 500 MHz 
f = 1000 MHz 


Third Order Intercept (fy = 10-1000 MHz, See Figure 1) 
Second Harmonic Distortion (Po = 100 mW, fay = 1000 MHz) 


Second Order Intermodulation Distortion 
(Po = 2.75 dBm, fy = 373 MHz, fo = 450 MHz, See Figure 1) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, Psynce = 200 mW, See Figure 2) 





MOTOROLA RF DEVICE DATA CA4800CeCA4800CSeCA4812CeCA4812CSeCA4815CeCA4815CS 
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Psyne ff 
_f-2a8 f ~10dB 





CA4800C*CA4800CSeCA481 2CeCA4812CSeCA4815CeCA4815CS 
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ITO = Po + IM3/2 @ IM3 > 60 dB 


Figure 1. 2-Tone Intermodulation Test A 


Pin Configuration 


123456789 






C1,2,3,4 2 0.01 pF (chip) 
R = 200 Ohms, 1 Watt 


CA4800C (Case 714P-02, Style 2) 
CA4800CS (Case 714T-02, Style 1) 


Figure 3. External Connections 


fy = Video 
fg = Sideband 
fg = Sound 


Figure 2. 3-Tone TV Intermodulation Test 


Pin Configuration 


J» Output 


Voc 





C1,2,3 20.01 pF (chip) 


CA4812C, CA4815C (Case 714P-02, Style 3) 
CA4812CS, CA4815CS (Case 714-02, Style 2) 


Figure 4. External Connections 





MOTOROLA RF DEVICE DATA 


MOTOROLA RF DEVICE DATA 


MOTOROLA 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


. designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low-distortion. This hybrid provides excellent gain stability with 
temperature and linear amplification as a result of the push-pull circuit design. 

e Specified Characteristics at Vcc = 24 V, To = 25°C: 
Frequency Range — 10 to 1200 MHz 
Output Power — 400 mW Typ @ 1 dB Compression, f = 900 MHz 
Power Gain — 17.5 dB Typ @ f = 1000 MHz 
Noise Figure — 6.5 dB Typ @ f = 500 MHz 
tTO — 38 dBm Typ @ 1000 MHz 
e All Gold Metallization for Improved Reliability 
¢ CA4912 is Optimized for 12 V Operation 


e CA4915 is Optimized for 15 V Operation 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


eS 


Supply Voltage CA4900,S 
CA4915,S 
CA4912,S 


[aFimipowr SSSSC*dC | 
a | 
tert 


28 
18 
14 


Storage Temperature : —40 to +100 
Operating Case Temperature Range —20 to +100 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Voc = 24 V, 50 Ohm System) 


Characteristic ae 


CA4900,S 
CA4912,S, CA4915,S 


Supply Current 


Power Gain (f = 1000 MHz) 

Bandwidth (3 dB down at 10 MHz) 

Gain Flatness (f = 40-1200 MHz) 

Power Output — 1 dB Compression (f = 900 MHz) 


Input/Output VSWR f = 40-900 MHz 
f= 900-1200 MHz 


Noise Figure, Broadband f = 500 MHz 
f = 1200 MHz 


Third Order Intercept (fy = 10-1000 MHz, See Figure 1) 
Second Harmonic Distortion (Po = 100 mW, for = 1200 MHz) 


Second Order Intermodulation Distortion 
(Po = 2.75 dBm, f; = 373 MHz, fo = 450 MHz, See Figure 1) 


intermodulation Distortion, 3 Tone 
(f = 860 MHz, Psync = 200 mW, See Figure 2) 


Po 1dB 


VSWR 





= SEMICONDUCTOR 


CA4900,S 
CA4912,S 
CA4915,S 


17 dB 
10-1200 MHz 
400 mw 
WIDEBAND 
LINEAR AMPLIFIERS 





CASE 714P, STYLES 2,3 
CA4900, CA4912, CA4915 


CASE 714T, STYLES 1, 2 


CA4900S, CA4912S, CA4915S 








CA4900eCA4900SeCA49120CA4912SeCA4915eCA4915S 
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ITO = Py + IM3/2 @ IM3 > 60 dB fy = Video 
fg = Sideband 
fg = Sound 


Figure 1. 2-Tone intermodulation Test A Figure 2. 3-Tone TV intermodulation Test 


Pin Configuration Pin Configuration 


123456789 








C1 
Vec 

C1,2,3,4 > 0.01 F (chip) C1,2,3, 20.01 yF (chip) 

R = 200 Ohms, 1 Watt 
CA4900 (Case 714P-02, Style 2) CA4912, CA4915 (Case 714P-02, Style 3) 
CA4900S (Case 714T-02, Style 1) CA4912S, CA4915S (Case 714T-02, Style 2) 
Figure 3. External Connections Figure 4. External Connections 

CA4900eCA4900SeCA491 2eCA4912SeCA4915°eCA4915S : MOTOROLA RF DEVICE DATA 


3-40 


MOTOROLA 
= SEMICONDUCTOR xx 
TECHNICAL DATA 


CA5800C 
CA5800CS 


The RF Line 
= a a = 
Wideband Linear Amplifiers 
. . . designed for amplifier applications in 50 to 100 ohm systems requiring wide 15 dB 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability with 10-1000 MHz 
temperature and linear amplification as a result of the push-pull circuit design. Oy all 
e Specified Characteristics at Vcc = 28 V, Tc = 25°C: LINEAR AMPLIFIERS 


Frequency Range — 10 to 1000 MHz 

Output Power — 1 W Typ @ 1 dB Compression, f = 900 MHz 
Power Gain — 15.5 Typ @ f = 1000 MHz 

Noise Figure — 7.5 dB Typ @ f = 500 MHz 

ITO — 40.5 dBm @ f = 1000 MHz 


e All Gold Metallization for Improved Reliability 
e Optimized for 28 V Operation 




















CASE 714P, STYLE 2 
(CA) 
CAS800C 


MAXIMUM RATINGS 


[unit 
DC Supply Voltage Voc 
°c 





Operating Case Temperature Range —20 to +100 aw CASE 714T, STYLE 6 
Stray Tonpeaire ange —— 


p Characteristic Symbol [win typ [Max [Unit 
Piequeney Pesios (de Down at (OME Ae eo 
| Gain Fetess g= 40-1000 MH) fl 


Noise Figure, Broadband =f = 500 MHz 
f = 1000 MHz 


Input/Output VSWR sf = 40-900 MHz 
f = 900-1000 MHz 


Supply Current 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = —8 dB, Sound Carrier = -10 dB, 
Sideband Signal = -17 dB. See Figure 2. 
f= 860 MHz, Psync = 200 mW) 


Second Order IMD 
(Pt = 2.75 dBm, f1 = 373 MHz, fo = 450 MHz, See Figure 1) 





MOTOROLA RF DEVICE DATA CA5800SeCA5800CS 
3-41 





IM3 ft 


ITO = Py + M8 @ ims > 60 aB 12 Seeband 
13: sound 


Figure 1. 2-Tone Intermodulation, Test B Figure 2. 3-Tone TV intermodulation Test 


PIN CONFIGURATION 


1234567 8 9 





Cy, 2,3, 420.01 uF (Chip) 
Ri = 90 OHMS, 3 WATTS 


CA5800C (Case 714P-02, Style 2) 
CA5800CS (Case 714T-02, Style 1) 


Figure 3. External Connections 





CA5800CeCA5800CS MOTOROLA RF DEVICE DATA 
3-42 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


CA5801 
The RF Line CA5801S 
Wideband Linear Amplifiers Motorola Proferred Devices 


Designed for amplifier applications in 50 ohm systems requiring wide bandwidth, low 
noise and low-distortion. This hybrid provides excellent gain stability with temperature and 


linear amplification as a result of the push-pull circuit design. a bead a 
e Specified Characteristics at Vcc = 28 V, Tc = 25°C WIDEBAND 


Frequency Range — 50 to 1000 MHz LINEAR AMPLIFIERS 
Output Power — 1 W Typ @ 1 dB Compression, f = 900 MHz 
Power Gain — 17.5 dB Typ @ f = 1000 MHz 

Noise Figure — 7.5 dB Typ @ f = 500 MHz 

ITO — 41.5 dBm Typ @ 1000 MHz 


e All Gold Metalization for Improved Reliability 
e Optimized for 28 V Operation 


CASE 714P, STYLE 2 
CAS5801 


MAXIMUM RATINGS 


Pang Sat [vais [0 
[Siemvvetags———SSSSSCSC~*dC ce 
[rr inatPower «||| 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Voc = 28 V, 50 Ohm System) 


[______Chanewriste dS 


Input/Output VSWR (f = 50-900 MHz) 
(f = 900-1000 MHz) 


Noise Figure, Broadband f = 500 MHz 
f = 1000 MHz 





CASE 714T, STYLE 1 
CA5801S 





Third Order Intercept 
(f1 = 10-1000 MHz, See Figure 1) 


Second Harmonic Distortion (Pg = 100 mW, f2H = 1000 MHz) 


Second Order intermodulation Distortion 
(Po = 2.75 dBm, f1 = 373 MHz, f2 = 450 MHz, See Figure 1) 


Intermodulation Distortion, 3 Tone 
(f = 860 MHz, Psync = 200 mW, See Figure 2) 





Preferred devices are Motorola recommended choices for future use and best overall value. 





MOTOROLA RF DEVICE DATA CA5801eCA5801S 
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-80B 


rm ef eSBs ee ee 


-10dB 


ITO = Po + IM3/2 @ IM3 > 60 DB fi = Video 
{2 = Sideband 
{3 = Sound 
Figure 1. 2-Tone Intermodulation Test Figure 2. 3-Tone TV Intermodulation Test 
Pin Configuration 





CA5801eCA5801S 
3-44 


Output 





de 


C1, C2 20.01 pF (chip) 
R = 90 Ohms, 3 Watts 


Figure 3. External Connections 


MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


CA5815C 
The RF Line CA5815CS 


Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide bandwidth, 15 dB 

low noise and low distortion. This hybrid provides excellent gain stability with temperature 10-1000 MHz 
and linear amplification as a result of the push-pull circuit design. Pe tel Me 

e Specified Characteristics at Vcc = 15 V, Tc = 25°C: LINEAR AMPLIFIERS 


Frequency Range — 10 to 1000 MHz 
Output Power — 1 W Typ @ 1 dB Compression, f = 900 MHz 
Power Gain — 15.5 Typ @ f = 1000 MHz 
PEP — 1 W Typ @ -32 dB IMD 
Noise Figure — 7.5 dB Typ @ f = 500 MHz 
ITO — 40.5 dBm @ f = 1000 MHz 
e All Gold Metallization for Improved Reliability 


e Optimized for 15 Volt Operation 


CASE 714P 
(CA) 
CA5815C 


MAXIMUM RATINGS 


DC Supply Voltage a a ee 
st 











CASE 714T 
(SIP) 
CA5815CS 





Operating Case Temperature Range —20 to +100 
Storage Temperature Range —40 to +100 


ee 
aw 


Noise Figure, Broadband f= 500 MHz 
f= 1000 MHz 


Power Output — 1 dB Compression (f = 900 MHz) Po idB 
Third Order Intercept (See Figure 1, f = 10-1000 MHz) IT 


Input/Output VSWR f = 40-900 MHz VSWR 
f = 900-1000 MHz 


Second Harmonic Distrotion (Pp = 100 mW, foH = 1000 MHz) 


(e) 
Supply Current loc 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = —8 dB, Sound Carrier = —10 dB, 
Sideband Signal = —17 dB. See Figure 2. 
f = 860 MHz, Pgync = 200 mW) 


Second Order IMD 
(Po = 2.75 dBm, fy = 373 MHz, fo = 450 MHz, See Figure 1.) 





MOTOROLA RF DEVICE DATA CA5815CeCA5815CS 
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My 
TO = Pp +52 @ Mg < 60 dB 





Figure 1. 2-Tone intermodulation, Test B Figure 2. 3-Tone TV Intermodulation Test 


PIN CONFIGURATION 





C1, 2,320.01 pF (CHIP) a ° 


CA5815C (Case 714P-02, Style 3) 
CA5815CS (Case 714-02, Style 2) 


Figure 3. External Connections 





CA5815CeCA5815CS MOTOROLA RF DEVICE DATA 
3-46 


MOTOROLA 


m= SEMICONDUCTOR Se 
TECHNICAL DATA 


CAS5900 


The RF Line CA5900S 
Wideband Linear Amplifiers 


. . . designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability with 15 dB 
temperature and linear amplification as a result of the push-pull circuit design. 10-1200 MHz 
© Specified Characteristics at Vcc = 28 V, Tc = 25°C: eeane 

Frequency Range — 10 to 1200 MHz ; LINEAR AMPLIFIERS 
Output Power — 1.0 W Typ @ 1 dB Compression, f = 900 MHz 

Power Gain — 15.5 dB Typ @ f = 1000 MHz 
PEP — 800 mW Typ @ —32 dB IMD 

Noise Figure — 7.5 dB Typ @ f = 500 MHz 
ITO — 40.5 dBm Typ @ f = 1000 MHz 


e All Gold Metallization for Improved Reliability 
e Optimized for 28 Volt Operation 


CASE 714P 
(CA) 
CA5900 


MAXIMUM RATINGS 


Syrbo | vaue—_[ ] 
[eesimpyvetewe Sd Coo P*d Ce 
[rePowerimt Sin | iC | 











Frequency Range (3 dB Down at 10 MHz) 
Gain Flatness (f = 40-1200 MHz) 


Power Gain (f = 1000 MHz) 


Noise Figure, Broadband _—f = 500 MHz 
f= 1200 MHz 


Power Output — 1.0 dB Compression (f = 900 MHz) 
Third Order Intercept (See Figure 1, f| = 10-1200 MHz) 


Input/Output VSWR f= 40-900 MHz 
f = 900-1200 MHz 


Second Harmonic Distortion (Pp = 100 mW, foH = 1200 MHz) 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = —8.0 dB, Sound Carrier = -10 dB, 
Sideband Signal = -17 dB. See Figure 2, 
f = 860 MHz, Psync = 200 mW) 


Second Order Intermodulation Distortion 
(Po = 2.75 dBm, fy = 373 MHz, fo = 450 MHz, See Figure 1) 





MOTOROLA RF DEVICE DATA CA5900eCA5900S 
; 3-47 





f1: video 


ITO = Po + M8 @ IMs > 60dB {2: sideband 
3: sound 
Figure 1. 2-Tone intermodulation, Test A Figure 2. 3-Tone TV Intermodulation Test 


PIN CONFIGURATION 





Cy, 2, 9, 420.01 uF (CHIP) 
Rj = 90 OHMS, 3 WATTS 


CA5900 (Case 714P-02, Style 2) 
CA5900S (Case 714T-02, Style 1) 


Figure 3. External Connections 





CA5900eCA5900S MOTOROLA RF DEVICE DATA 
3-48 


MOTOROLA 
= SEMICONDUCTOR xy 
TECHNICAL DATA 


CA5915 
The RF Line CA5915S 
Wideband Linear Amplifiers 


. . . designed for amplifier applications in 50 to 100 ohm systems requiring wide 


bandwidth, low noise and low distortion. This hybrid provides excellent gain stability with 15dB 

temperature and linear amplification as a result of the push-pull circuit design. 10-1200 MHz 

Specified Characteristics at Voc = 15 V, Tc = 25°C: Puodselide 
Frequency Range — 10 to 1200 MHz LINEAR AMPLIFIERS 


Output Power — 1.0 W Typ @ 1 dB Compression, f = 900 MHz 
Power Gain — 15.5 dB Typ @ f = 1000 MHz 

Noise Figure — 7.5 dB Typ @ f = 500 MHz 

ITO — 40.5 dBm Typ @ f = 1000 MHz 


e All Gold Metallization for Improved Reliability 
e Optimized for 15 Volt Operation 
e CA5915 is Optimized for 15 V Operation 


CASE 714P, STYLE 3 
(CA) 
CA5915 


MAXIMUM RATINGS 


Rating CT Symbor [Vatue [unit] 
| Pin | +20 | Bm | 
Tc 





RF Power Input 
Operating Case Temperature Range | to | ~40 to +100 
Storage Temperature Range —55 to +125 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Voc = 15 V, 50 © system unless otherwise noted) 


[Charan ———SSS*dYCS mt 
| Freavenoy ange @aBDowmatiowre «di 
[ain Faves ('=40-r200mr) Sd 

[Fa 


CASE 714T, STYLE 2 
CA5915S 
















Power Gain (f = 1000 MHz) 


Noise Figure, Broadband _f = 500 MHz NF 75 

f= 1200 MHz 85 
Power Output — 1.0 dB Compression (f = 900 MHz) Poiap | 800 | 1000 | 
Third Order Intercept (See Figure 1, fy = 10-1200 MHz) | 40.5 | 


|B 

eal 

| mw 

| dBm | 

Input/Output VSWR f= 40-900 MHz VSWR = faa 
f = 900-1200 MHz 6: 

oo 


















Second Harmonic Distortion (Pp = 100 mW, fay = 1200 MHz) 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = —8.0 dB, Sound Carrier = —10 dB, 
Sideband Signal = -17 dB. See Figure 2, 

f = 860 MHz, Psync = 200 mW) 


Second Order Intermodulation Distortion 
(Po = 2.75 dBm, f, = 373 MHz, fo = 450 MHz, See Figure 1) 





















MOTOROLA RF DEVICE DATA CA5915eCA5915S 
3-49 





f1: video 


ITO = Po + 88 @ ims > 6ouB 2: sideband 
{8: sound 
Figure 1. 2-Tone intermodulation, Test A Figure 2. 3-Tone TV Intermodulation Test 
PIN CONFIGURATION 





INPUT +) f> output 
Cy Voc 
C4, 2, 320.01 pF (Chip) ae % 
CA5915 (Case 714P-02, Style 3) 


CA5915S (Case 714T-02, Style 2) 


Figure 3. External Connections 





CA5915eCA5915S MOTOROLA RF DEVICE DATA 
3-50 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


CA97901 


The RF Line 
36-Channel (450 MHz) CATV Hi-Slope 
Input/Output Trunk Amplifier 


15-20 dB 
. -allows increased trunk length. Effectively reduces trunk distortion. 5.0 dB less output 40-450 MHz 
noise at low end. 36-CHANNEL 
Designed for broadband applications requiring low-distortion amplification. Specifically CATV INPUT/OUTPUT 


intended for CATV market requirements. These amplifiers feature ion-implanted arsenic TRUNK AMPLIFIER 
emitter transistors and an all gold metallization system. The input amplifier is tuned for 
minimum noise figure while the output amplifier is tuned for minimum distortion. 
e Specified Characteristics at Vcc = 24 V, Tc = 25°C: 

Frequency Range — 40 to 450 MHz 

Power Gain— 15.6 dB Typ @ f = 50 MHz 

— 20.7 dB Typ @ f = 450 MHz 
Noise Figure — 5.7 dB Typ @ f = 450 MHz 
CTB ——66 dB @ Voyt = 46 dBmV 


e All Gold Metallization System for Improved Reliability 





CASE 714F, STYLE 1 
[CA (POS. SUPPLY)} 


MAXIMUM RATINGS 


RF Voltage Input (Single Tone) 
DC Supply Voltage 
Operating Case Temperature Range 





Storage Temperature Range 










Characeriti = ae ee 
Frequency Range | 40 


Power Gain —50 MHz 14.8 15.6 
— 450 MHz 20.2 20.7 


IRL/ORL 
Composite Second Order Distortion 
(Vout = +46 dBmvV per ch., Ch. H20, 36-CH Flat) (Note 2) 
















Return Loss — Input/Output 









(f= 40 MHz) 26 
(f = 50-80 MHz) 24 
22 
20 
Cross Modulation Distortion 
(Vout = +46 dBmvV per ch., Ch. 2, 36-CH Flat) (Note 2) 
Composite Triple Beat 
(Vout = +46 dBmV per ch., Ch. H20, 36-CH Flat) (Note 2) 


(f = 80-160 MHz) 
(f = 160-450 MHz) 
Noise Figure (f= 50 MHz) 
(f = 450 MHz) 


DC Current 
NOTE 1 and NOTE 2 — See Next Page. 












MOTOROLA RF DEVICE DATA CA97901 
3-51 


NOTES: 
1. Flatness calculated is based upon the following gain curve: 
Gf = Geo + AG [& (f-50) + B (f-50)2 + (f-50)3} 
where: Gs5q = Gain at 50 MHz 
Gg = Gain at frequency f MHz 
AG = Gain slope between 50 MHz and 450 MHz 
a = 3.132" 10-3 
B = 1.993" 10-6 
y= -8.934* 10-9 


2. The following Channels are turned on for the CTB, XMOD and CSO measurement: 





Channel # = Frequency (MHz) Channel # = Frequency (MHz) Channel # = Frequency (MHz) 
1 55.25 13 235.25 25 325.25 
2 61.25 14 247.25 26 337.25 
3 133.25 15 253.25 27 349.25 
4 139.25 16 259.25 28 361.25 
5 145.25 17 265.25 29 367.25 
6 151.25 18 271.25 30 373.25 
7 163.25 19 283.25 31 385.25 
8 175.25 20 289.25 32 391.25 
9 187.25 21 295.25 33 409.25 
10 205.25 22 301.25 34 415.25 
nhl 217.25 23 313.25 35 421.25 
12 229.25 24 319.25 36 433.25 
CA97901 MOTOROLA RF DEVICE DATA 


3-52 


MOTOROLA 
= SEMICONDUCTOR So 
TECHNICAL DATA 


CR2424A 
CR2424R 
CR2425A 


The RF Line 
Video Driver 
Hybrid Amplifiers 


. . . designed specifically for use as the video channel final stage in high resolution 130 MHz 
monitors. VIDEO DRIVER 
© Typical 10-90% Transition Times are 2.5 ns HYBRID 

nae : AMPLIFIERS 
¢ 130 MHz Minimum Bandwidth at 40 Vp-p Output 
e Low Power Consumption 
e Excellent Grey-Scale Linearity 
e Unconditional Stability 
e Gold Metallization System for the Ultimate in Reliability 
e Reverse Polarity Version CR2424R (Negative Supply) for Grid Drive Application 


CASE 714G, STYLE 1 
(CA LP) 


MAXIMUM RATINGS CR2424A 


Rating Symbol | Value 


ELECTRICAL CHARACTERISTICS (Vcc = 60 V, Tc = 25°C, Ci oad = 8.5 pF, 40 V 
Peak-to-Peak output swing with 30 Vdc offset; Ry = 215 ohms, Cy = 90 pF typ.) 


[_____Chereewraio | Symbol | win | 1p [ wax [ Uni 
[Scppy Gare ihnps Open Grea) | too [ees [as [47s | ma | 
input DC tage whut Open Gruted) | noo [re | 14 [v8 | _V_| 
ouput Vago (in ut Open Cruted) | Vouoo | 26 | 0 | | Vv | 
[Wotescant@ ———SSSSSC*dCw | — pee | — | 


Transient Response (2) 
— Rise Time (10% to 90%) 













BEGE 
















CASE 714L, STYLE 1 
(CA LP, NEG SUPPLY) 
CR2424R 





— Overshoot 
— Fall Time (10% to 90%) 


Te [= 
= overt eer [= feo fo [* 
A 


Operating Supply Current (Voyt= 40 V Peak-to-Peak, | icc, max m 
50 MHz Square Wave with 30 V offset) (3) 
Uneay Eror Vou= +5010 +88¥) = [= l= Tete] 
NOTES: 
1. Ay = Vout/Vs 
2. Input Signal is nominally a 62.5 KHz square wave of 3.25 V peak-to-peak with 1.4 Vdc offset. 


Input ty, tf < 1.0 ns. 
3. Output is not short circuit protected. 






CASE 714F, STYLE 1 
(CA) 
CR2425A 











MOTOROLA RF DEVICE DATA CR2424AcCR2424Re CR2425A 
3-53 


TYPICAL CHARACTERISTICS 


a roaorouta 
n Fae RN 


Vin, INPUT DC LEVEL (VOLTS) 
& 


Vin» INPUT DC LEVEL (VOLTS) 





40 40 
Vout OUTPUT DC LEVEL (VOLTS) Vout OUTPUT DC LEVEL (VOLTS) 


Figure 1. Voltage Ratio at RF Input Port Figure 2. Voltage Ratio at Port 1 


liq INPUT CURRENT (mA) 


& 


RELATIVE AMPLITUDE (dB) 
U 
bm 
a 





3.5 
: LLLELLEET EEE EEE EL 
0 20 40 60 0 20 40 60 80 100 120 140 160 180 200 
Vout OUTPUT DC LEVEL (VOLTS) f, FREQUENCY (MHz) 
Figure 3. Output Voltage versus Input Current Figure 4, Frequency Response 


CL =CProbe 





Cprobe = 8 PFTYP 
10.8 pF MAX 


Figure 5. CRT Driver Test Circuit 


CR2424AcCR2424ReCR2425A . MOTOROLA RF DEVICE DATA 
3-54 


MOTOROLA 


= SEMICONDUCTOR Se 


TECHNICAL DATA 


CR2428 


The RF Line 
Video Driver 
Hybrid Amplifier 


2.5 ns 
The CR2428 is designed specifically for use as the video channel final stage in high 130 MHz 
resolution monitors. VIDEO DRIVER 
¢ Typical 10-90% Transitions Times are 2.5 ns HYBRID 


es 6 ‘ AMPLIFIER 
e 130 MHz Minimum Bandwidth at 40 Vp-p Output 


e Up to 50 Vp-p Output Swing with 60 V Supply Voltage 
e Low Power Consumption 

e Excellent Grey-Scale Linearity 

e Unconditional Stability 

e Gold Metallization System for the Ultimate in Reliability 


CASE 431A, STYLE 1 
(CR LP) 


MAXIMUM RATINGS 
ee 
















Value 








[on] 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 60 V, CLOAD = 8.5 pF, 40 V peak-to-peak output swing with 30 Vdc offset; 


Ry = 215 , Cy = 90 pF typ) 


i 


Transient Response (2) 
— Rise Time (10% to 90%) 
— Overshoot 
— Fall Time (90% to 10%) 
— Overshoot 


Operating Supply Current (Vout = 40 V Peak-to-Peak, 
50 MHz Square Wave with 30 V offset) (3) 


Linearity Error (Vout = +5.0 V to +55 V) 


NOTES: 
1. Ay = Vout/Vs 
2. Input Signal is nominally a 62.5 kHz square wave of 3.25 V peak-to-peak with 1.4 Vdc offset. Input t;, tf < 1.0 ns. 
3. Output is not short circuit protected. 





MOTOROLA RF DEVICE DATA 





CR2428 
3-55 





Vin» INPUT DC LEVEL (VOLTS) 


lin» INPUT CURRENT (mA) 


CR2428 
3-56 








TYPICAL CHARACTERISTICS 


Vin, INPUT DC LEVEL (VOLTS) 


Vout, OUTPUT DC LEVEL (VOLTS) 
Figure 1. Voltage Ratio at RF Input Port 


RELATIVE AMPLITUDE (dB) 


Vout OUTPUT DC LEVEL (VOLTS) 
Figure 3. Output Voltage versus Input Current 


+60V 





Figure 5. CRT Driver Test Circuit 





Vout OUTPUT DC LEVEL (VOLTS) 
Figure 2. Voltage Ratio at Port 1 





100 120 140 160 180 200 
f, FREQUENCY (MHz) 


Figure 4. Frequency Response 


CL = Cprobe 
Cprobe = 8 pF TYP 
= 10.8 pF MAX 


MOTOROLA PF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR oo 
TECHNICAL DATA 


CR3424A 
CR3424R 
CR3425A 


The RF Line 
Video Driver 
Hybrid Amplifiers 


2.7 ns 
e Designed Specifically for use as the Video Channel Final Stage in High Resolution 115 MHz 
Monitors VIDEO DRIVER 


e Low Power Consumption Papin 
e Typical 10—90% Transitions Times are 2.7 ns 

e 115 MHz Minimum Bandwidth at 40 Vp-p Output Swing 
e Excellent Grey-Scale Linearity 

e Unconditional Stability 

¢ Gold Metallization System for the Ultimate in Reliability 


e 80 Volt Supply Operation Provides Large DC Offset Range and Large Output Swing 
Capability for Color Applications 


e Reverse Polarity Version CR3424R (Negative Supply) for Grid Drive Application 
















CASE 714G, STYLE 1 
(CALP) 
CR3424A 


MAXIMUM RATINGS 


Supply Voltage 





[Unit | 
ce 


ELECTRICAL CHARACTERISTICS (Vcc = 80 Vdc, To = 25°C, CLoad = 10 pF, R1 = 287 ohms, 
C4 = 60 pF Typ., Vout = 40 V Peak-to-Peak with 40 Vdc offset). See Figure 4 for test circuit. 


Characteristic | Symbol | Min | Ty 
Supply Current (With Input Open Circuited) loc 


















CASE 714L, STYLE 1 
(CA LP, NEGATIVE SUPPLY) 
CR3424R 






Transient Response (2) 
— Rise Time (10% to 90%) 


— Overshoot 
— Fall Time (90% to 10%) 
— Overshoot 


(| 

| — | | MHz | CASE a met ‘ale 1 
oe ae is = Fea — 
50 MHz Square Wave with 40 V offset) (3) 

[tneariyEvorVoa=rsoverev | — |—|—|s0] * | 


NOTES: 
1. Av = VoutVs 
2. Signal source output signal (Vg in Figure 1) is nominally a 62.5 KHz square wave of 3.25 V peak- 
to-peak with 1.4 Vdc offset 
3. Output is not short circuit protected 





MOTOROLA RF DEVICE DATA CR3424AcCR3424ReCR3425A 
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TYPICAL CHARACTERISTICS 







Fr OS SP 
a 


Vin» INPUT DC LEVEL (VOLTS) 
an 
i 
lin» INPUT CURRENT (mA) 





“Pro 
1 
0 1 110 30 40 50 60 70 80 
Vout OUTPUT DC LEVEL (VOLTS) Vout OUTPUT DC LEVEL (VOLTS) 
Figure 1. Vin versus Vout Figure 2. lin versus Vout 


10 






ELITE TUITE tarsal 
PTA TAT CUTIE Th 
ELTA TTT UETMIN Th 
UATE TAT LUM IACI 
ULTIMATUM CEI UAL 
MLM TELE UV 


RELATIVE GAIN (dB) 
3 


0.4 1 10 100 1000 
f, FREQUENCY (MHz) 


Figure 3. Frequency Response 


CL =2 pF + Cyrobe 


8 OF MAX 


Figure 4. Hybrid Amplifier Test Circuit 





CR3424AcCR3424ReCR3425A MOTOROLA RF DEVICE DATA 
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MOTOROLA 


= SEMICONDUCTOR xy 
TECHNICAL DATA 


The RF Line CR3428 


Video Driver 
Hybrid Amplifier 


2.7 ns 


The CR3428 is designed specifically for use as the video channel final stage in high 115 MHz 
resolution monitors. VIDEO DRIVER 
¢ 80 V Supply Operation Provide Large DC Offset Range for Color Applications HYBRID 


AMPLIFIER 


e Typical 10-90% Transitions Times are 2.7 ns 
e 115 MHz Minimum Bandwidth at 40 Vp-p Output 
e Up to 70 Vp-p Output Swing with 80 V Supply Voltage 


e Low Power Consumption 

e Excellent Grey-Scale Linearity 

e Unconditional Stability 

¢ Gold Metallization System for the Ultimate in Reliability 


CASE 431A, STYLE 1 
(CR LP) 


ee ag RATINGS 


aes Voltage 





ELECTRICAL CHARACTERISTICS (To = 28°C, Voc = 80 V, CLoap = 10 pF, 40 V vine output swing with 40 Vdc offset; 
Ry = 287 Q, Cy = 60 pF typ) 


| Symbol | 
| icc | 
| Vinoc | 
Voltage Gain (1) (2) | Ay 


Transient Response (2) 
— Rise Time (10% to 90%) 
— Overshoot 
— Fall Time (90% to 10%) 
— Overshoot 


Operating Supply Current (Voyt = 40 V Peak-to-Peak, 
50 MHz Square Wave with 30 V offset) (3) 





Linearity Error (Vout = +5.0 V to +55 V) 


NOTES: 
1. Ay = Vout/Vs 
2. Input Signal is nominally a 62.5 kHz square wave of 3.25 V peak-to-peak with 1.4 Vdc offset. Input t;, tt < 1.0 ns. 
3. Output is not short circuit protected. 





MOTOROLA RF DEVICE DATA CR3428 
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Vin, INPUT DC LEVEL (VOLTS) 


CR3428 
3-60 








TYPICAL CHARACTERISTICS 


liny INPUT CURRENT (mA) 





on sien Fe ee vee Vout cari ae LEVEL oe 
Figure 1. Vin versus Vout Figure 2. lin versus Vout 
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Figure 3. Frequency Response 


CL = 2 pF + Cprobe 
Cprobe = 8 pF TYP 
= 10.8 pF MAX 


Figure 4. Hybrid Amplifier Test Circuit 


MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
450 MHz CATV 
Feedforward Amplifier 


24 dB 
. .. designed for broadband applications requiring low-distortion amplification. Specifically 40-450 MHz 
intended for CATV market requirements. Two hybrid amplifiers along with couplers and 60-CHANNEL 
delay lines are packaged together to provide extremely low distortion products at CATV 


conventional CATV amplifier output levels. Bigrertopiitdalia 
¢ Specifically Designed to Provide Improved Performance in 450 MHz CATV Applications 


e Distortion Components Reduced more than 20 dB from Conventional CATV Hybrid 
Amplifiers 


¢ Specified for 60-Channel Performance 
e Fully Shielded Metal Package 





MAXIMUM RATINGS 


—20 to +100 
CASE 825A, STYLE 1 
—40 to +100 


Power Gain — 50 MHz 





Cross Modulation Distortion 
(Vout = 46 dBmvV per ch., ch. 2, 60-channels) 
(Vout = 46 dBmV per ch., ch. 2, ---, H22) 


Composite Triple Beat 
(Vout = 46 dBmV per ch., ch. 2, 60-channels) 
(Vout = 46 dBmV per ch., ch. 2, ---, H22) 


Noise Figure (f= 50 MHz) 
(f = 450 MHz) 





DC Current 
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PERFORMANCE DERATE versus TEMPERATURE (TYP) 


Characteristics | _ Test Conditions =o 





a 


CIRCUITRY BLOCK DIAGRAM 





PERFORMANCE MEASUREMENT 
Motorola test fixture: P/N MFF124BTF is necessary for 
accurate measurement. 
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MOTOROLA 


m= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
550 MHz CATV 
Feedforward Amplifier 


24 dB 
. .. designed for broadband applications requiring low-distortion amplification. Specifically 40-550 MHz 
intended for CATV market requirements. Two hybrid amplifiers along with couplers and 77-CHANNEL 
delay lines are packaged together to provide extremely low distortion products at CATV 


conventional CATV amplifier output levels. FEEDFORWARD 
e Specifically Designed to Provide Improved Performance in 550 MHz CATV Applications AMPLIFIER 


e Distortion Components Reduced more than 20 dB from Conventional CATV Hybrid 
Amplifiers 


e Specified for 77-Channel Performance 
e Fully Shielded Metal Package 





MAXIMUM RATINGS 
a 
[ec suny vote ———SSSS*dt Mo | |e 


ee 
[Foner SSSC*dC 
[Fowerah—eowe—SSCSCSCS~S~ 
ee ee ee ee 
= 
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Gain Flatness 


Return Loss — Input (f= 40-550 MHz) 


Return Loss — Output (f = 40-550 MHz) 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. A, H2, H22) 
Cross Modulation Distortion 


(Vout = 44 dBmvV per ch., ch. 2, 77-channels) 
(Vout = 44 dBmV per ch., ch. 2, ---, H39) 


Composite Triple Beat 
(Vout = 44 dBmvV per ch., ch. 2, 77-channels) 
(Vout = 44 dBmvV per ch., ch. 2, ---, H39) 


Noise Figure (f= 50 MHz) NF 
(f = 550 MHz) 
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PERFORMANCE DERATE versus TEMPERATURE (TYP) 





CIRCUITRY BLOCK DIAGRAM 





PERFORMANCE MEASUREMENT 
Motorola test fixture: P/N MFF124BTF is necessary for 
accurate measurement. 
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MOTOROLA 


= SEMICONDUCTOR Se 
TECHNICAL DATA 


The RF Line MFF324B 


600 MHz CATV Motorola Preferred Device 
Feedforward Amplifier 





24 dB 

Designed for broadband applications requiring low-distortion amplification. Specifically 40-600 MHz 
intended for CATV market requirements. Two hybrid amplifiers along with couplers and 85-CHANNEL 
delay lines are packaged together to provide extremely low distortion products at CATV 
conventional CATV amplifier output levels. FEEDFORWARD 
¢ Specifically Designed to Provide Improved Performance in 600 MHz CATV Applications AMPLIFIER 
e Distortion Components Reduced more than 20 dB from Conventional CATV Hybrid 

Amplifiers 









e Specified for 85-Channel Performance 
e Fully Shielded Metal Package 


MAXIMUM RATINGS 


Rag Sa [ va [a 
[Sasvietae ——SSSCSCS~iCSeo “we 


PCat dmb 
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[Power anew SSSCS~dSS 

ee 
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Return Loss — Input IRL 
Return Loss — Output ORL 


Cross Modulation Distortion XMDgs, 
(Vout = +44 dBmV per ch., ch. 2, ---, H47) 

Composite Triple Beat CTBgs 
(Vout = +44 dBmV per ch., ch. 2, ---, H47) 


Noise Figure (f = 50 MHz) NF 
(f = 600 MHz) 


DC Current 


PERFORMANCE DERATE versus TEMPERATURE (TYP) 


Test Conditions ~20 + 80°C —20 + 100°C 
Change in Gain w/Temp. 50 MHz +0.5 dB +0.6 dB 











Ipc 





Preferred devices are Motorola recommended choices for future use and best overail value. 
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MAIN AMP. 


OUTPUT 


INPUT 


ERROR AMP. 


PERFORMANCE MEASUREMENT 
Motorola test fixture: P/N MFF124BTF is necessary for accurate measurement. 


Figure 1. Block Diagram of Circuit 
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MOTOROLA 
= SEMICONDUCTOR [oo 
TECHNICAL DATA 


The RF Line 
VHF Power Amplifier 


The MHW105 is designed specifically for portable radio applications. The MHW105 is 
capable of 5.0 watts power output, operates from a 7.5 volt supply and requires only 1.0 


mW of RF input power. 5.0W 
e Specified 7.5 Volt Characteristics: 68 to 88 MHz 
RF Input Power — 1.0 mW (0 dBm) ee. 


RF Output Power — 5.0 W 
Minimum Gain — 37 dB 
Harmonics — —40 dBc Max @ 2 fo 


e 50 Ohm Input/Output Impedances 
e Guaranteed Stability and Ruggedness 
e Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 











MAXIMUM RATINGS (Flange Temperature = 25°C) 













a 

a 

[Foversan@aassow —————SSCSC~—SCS~sS PT dP 
=] 


Harmonics (Pout = 5.0 W) (1) 












Load Mismatch (Vs1 = Vso = Vsg = 9.0 Vde; Load VSWR = 20:1; 
Pout = 5.0 W) (1) 


No Degradation in 
Power Output 
Before and After Test 


All Spurious Outputs 
More Than 60 dB 
Below Desired Signal 











Stability (Pin = 1.0 to 3.0 MW; Vs1 = Vga = Vs3 = 6.0 to 9.0 Vde; 
Pout = 1.0 W to 5.0 W; Load VSWR = 8:1, All Phase Angles) (1) 












Quiescent Current (Vg1 = Vso = Vg3 = 7.5 Vde; Veont = 7.0 Vde; Pin = 0) 


NOTE: 
1. Adjust Veont for specified Poyt 
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Vs1, Vs2 Veont 
+75V 7 Vde 
@100mA @230mA 
(TYPICAL) (TYPICAL) 








SIGNAL GENERATOR 


PIN NUMBERS 


C1, C2, C3, C4, C6, C7, C8, C9 — 18,000 pF CHIP 
C5, C10 — 3.3 pF TANTALUM CHIP 
L1, L2, L3, L4—0.2 pH 

Z1, Z2 — 50 Q MICROSTRIP LINE 


Figure 1. VHF Power Module Test Circuit Diagram 


To = 100°C, Veont = Ls i= 


Sapa 


= Ee 
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me el a Beene 
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Pin, INPUT Dae ee 
Figure 2. Output Power versus Input Power 
MHW105 
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ve Vso = Vs3 = 7.5 V 
Tc = 25°C 


Vcont CONTROL VOLTAGE (VOLTS) 
Figure 3. Output Power versus Control Voltage 


MOTOROLA RF DEVICE DATA 
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Figure 4. Output Power versus Control Voltage 
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VSWRin, INPUT VSWR 


85 


{, FREQUENCY (MHz) 


Figure 6. Input VSWR versus Frequency 


Veont, CONTROL VOLTAGE (VOLTS) 


Figure 5. Efficiency versus Control Voltage 
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Pin = 0 dBm | " 
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Veont» CONTROL VOLTAGE (VOLTS) 





f, FREQUENCY (MHz) 


Figure 7. Control Voltage versus Frequency 


Pin = 0 dBm 
Pout = 5 W 
Vg = Vs2 = V53=7.5V 





f, FREQUENCY (MHz) 


Figure 8. Control Voltage versus Frequency 
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MOTOROLA 
m= SEMICONDUCTOR oo 
TECHNICAL DATA 
MHW607:-1 


MHW607-2 


The RF Line MHW607-3 
VHF Power Amplifiers MHW607-4 


. .. designed for 7.5 volt VHF power amplifier applications in industrial and commercial 
equipment primarily hand portable radios. 7.0 W— 136 to 210 MHz 


e MHW607-1: 136-150 MHz 6.5 W — 174 to 210 MHz 
e@ MHW607-2: 146-174 MHz VHF POWER 

¢ MHW607-3: 174-195 MHz pcatieidioniee 

© MHW607-4: 184-210 MHz 


e Specified 7.5 Volt Characteristics: 
— RF Input Power = 1.0 mW (0 dBm) 
— RF Output Power = 7.0 Watts (MHW607-1,-2); 6.5 W (MHW607-3,-4) 
— Minimum Gain (VControl = 7.0 V) = 38.5 dB 
— Harmonics = —40 dBc Max @ 2.0 fo 


e 50 Q Input/Output Impedance 
e Guaranteed Stability and Ruggedness 
e Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


Patino | 








Frequency Range MHW607-1 
MHW607-2 
MHW607-3 
MHW607-4 


| 
ig rhag| =| | ma] 
[Power Gah Pou=70WiVoom=7Ove) «dL 
[Etcerey Pate 7OW Pine tomwn) Sid 
(Pin=1.0MW) 3h -45 
Input VSWR (Poyt = 7.0 W, Pin = 1.0 mW), 50 Q Ref. (1) fo — [| = | 201 | -— | 
Load Mismatch (Vgj = Vg2 = Vg3 = 9.0 Vde) No Degradation 
VSWR = 20:1, Pout = 8 W, Pin’ = 5.0 mw)(1) a ae ae 


Stability (Pin = 1.0-30 mW, Vgj = V. 8 = Vgg = 6.0-9.0 Vdc) All spurious outputs 
Pout between 1.0 W and 10 W & more than 60 dB 
Load VSWR = 8:1 below desired signal 


Control Current (Vg1 = Vso = Vsg = 7.5 V, = 
Pin = 0 dBm, VCont Set for Po = 7.0 W) 


(1) Adjust VCont for specified Pout. 
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VCONTROL Vso 
47.0 Vi +75 Vde 


oman @i45mA = @ 175A 
(TYPICAL) (TYPICAL) (TYPICAL) 


100B 

ATTENUATOR 
C1 — 0.018 pF Chip 
C2, C3, C4, C5, C6, C7, C8 — 0.018 uF Chip 
C9, C10 — 3.3 uF Tantalum 
Li, L2, L3, L4 — 0.2 pH 

SIGNAL Meates ban gal 
GENERATOR Z1, Z2 — 50 Q Microstrip 





Figure 1. Power Module Test 
System Block Diagram 


TYPICAL CHARACTERISTICS 


Pout =7W 








3 V51 = Vga = Vg = 7.5 Vde = 
5 oo ee ee ae es 
E SE Gf fo 
? fs 5 ag ae 4 2 
g an a Sy 7 moan en 
THis 8 He 
f, FREQUENCY (MHz) on Cane Weige ae a 
Figure 2. Control Voltage, Efficiency and VSWR Figure 3. Output Power versus Control Voltage 
versus Frequency 
MOTOROLA RF DEVICE DATA MHW607-1eMHW607-2eMHW607-3eMHW607-4 
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TYPICAL CHARACTERISTICS 
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Figure 4. Output Power versus Frequency Figure 5. Control Voltage versus Case Temperature 





Pin = 1 mi 
Vs = Vg2 = Vg = 7.5 Vde 
VGont SET FOR Pout = 7 W @ To = 20°C = 
5 
° 
é 
Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
Figure 6. Output Power versus Case Temperature Figure.7. Output Power versus Case Temperature 


at Maximum Control Voltage 
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APPLICATIONS INFORMATION 


NOMINAL OPERATION 

All electrical specifications are based on the nominal 
conditions of Vs{ = Vs2 = Vs3 = 7.5 Vdc (Pins 2, 4, 5) and Pout 
equal to 7.0 watts. With these conditions, maximum current 
density on any device is 1.5 x 105 A/cm2 and maximum die 
temperature with 100°C case operating temperature is 
165°C. While the modules are designed to have excess gain 
margin with ruggedness, operation of these units outside the 
limits of published specifications is not recommended unless 
prior communications regarding intended use have been 
made with the factory representative. 


GAIN CONTROL 

The module output should be limited to 7.0 watts. The pre- 
ferred method of power output control is to fix Vg1 = Vs2 =Vs3 
=7.5 Vdc (Pins 2, 4, 5), Pin (Pin 1) at 1.0 mW, and vary VCont 
(Pin 3) voltage. 


DECOUPLING 

Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require careful 
consideration. Pins 2, 3, 4 and 5 are internally bypassed with 
a 0.018 uF chip capacitor which is effective for frequencies 
from 5.0 MHz through 174 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri- 
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 














Figure 8. Test Fixture Assembly 


LOAD MISMATCH 

During final test, each module is load mismatch tested in a 
fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vg1 = Vs2 = Vs3 equal to 
9.0 Vdc, VSWR equal to 20:1, and output power equal to 8.0 
watts. : 





SCALE 0.75:1 


Figure 9. Photomaster For Test Fixture 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
= SEMICONDUCTOR [os 
TECHNICAL DATA 


The RF Line 
UHF Power Amplifier 


Designed for 6.0 V UHF power amplifier applications in industrial and commercial 


; ree ; 3.0 W 
UPON, primarily hand pore radios. 440 to 470 MHz 
e Specified 6.0 Volt Characteristics: UHH POWER 


RF Input Power — 1.0 mW (0 dBm) AMPLIFIER 
RF Output Power — 3.0 W 

Minimum Gain (VControl = 6.0 V) = 34.8 dB 
Harmonics — —40 dBc Max @ 2 fo 


e 50 Q Input/Output impedances 
e Guaranteed Stability and Ruggedness 
e Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 





CASE 301J, STYLE 1 
MAXIMUM RATINGS 


Panga 
[DesusyvetapePmeaaee SSCSCSCSC~C~dtC( aC 
[Becenravotage Pn) SSS~dCt | iC 
[reiptrower Sd 
[FF Oups Power Wor=Vea=Vegnver=75ve)_——SSCSC*dC Pt |S 
T= 
Po] 
aa 
wre 
<a 









75 Vde 
Vde 
Operating Case Temperature Range —25 to +100 °C 
Storage Temperature Range —25 to +100 °C 





es 
Vee 
vat 


Load Mismatch (Vg1 = Vso = Vs3, = V4 = 7.5 Vde; Load VSWR = 10:1, 
All Phase Angles At Frequency of Test; Poyt = 4.0 W; Pin = 3.0 mW) (1) 


No Degradiation in 
Power Output 


All Spurious Outputs 
More Than 60 dB 


Stability (Pin = 1.0 to 3.0 MW; Vg1 = Vg2 = Vs3 = Vs4 = 5.0 to 7.5 Vde; 
Pout = 100 mW to 4.0 W; Load VSWR = 8:1, 
All Phase Angles At Frequency of Test) (1) Below Desired Signal 


Cont! Curent Pou= 30 W:Pin= 10 mA = = [me 
Leakage Curent Vet = Vaz=Veont=0 Vee Vea=Vor=75VeEiPnsOmmp| un [| — | 02 | ma] 


(1) Adjust Vcont for specified Pout. 
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VCONTROL Vsi + Vs2 
+6 Vde +6 Vde 


ine C1-C7 - 0.018 wF 
C8, C9-3.3 pF 
ATTENUATOR L115 -02 nH 
Z1, 22 - 50 Q MICROSTRIP 
SIGNAL 
GENERATOR 





Figure 1. UHF Power Amplifier Test System Diagram 
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Pout, OUTPUT POWER (W) 
Pout, OUTPUT POWER (W) 


Vs1 = V2 = Vg3 = Vgq4 = 6.0 Vde 
Veont SET FOR Pout = 3 W @ To = 
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450 455 460 465 470 0 -6€0 40 -20 0 2 40 60 80 100 120 
f, FREQUENCY (MHz) Tc, CASE TEMPERATURE (°C) 
Figure 2. Output Power versus Frequency Figure 3. Output Power versus Case Temperature 


55 





























——— z 
a TS = 3 
3 2 
= = i oe palis 3 
cc to} i 
i 2 EERE f 
S 3 = 
5 = ie =p Neon [| 35 
p « 
B a a Nee) s lea, te 
. n 8 Pout = 3 W GB 
= a = Vg3 = V: Vv 
& Vet = Veo = Ve = Vea = 6.0 Vee = 1 sis aes oe ie oe VSWR = 201 5 
Veent= 6.0 Ve i nel 
"og 
fee ela é 
260 0 40 -20 0 20 40 60 80 100 120 440 455 465 470 => 
Tc, CASE TEMPERATURE (°C) : FREQUENCY hig 
Figure 4. Output Power versus Case Temperature Figure 5. Control Voltage, Efficiency and 
at Maximum Control Voltage VSWR versus Frequency 
= 
aoc 
= 
fo) 
a. 
5 
o. 
5 
©. 
3 
oo 
Veont: CONTROL VOLTAGE (Vdc) 
Figure 6. Output Power versus Control Voltage 
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MOTOROLA 
= SEMICONDUCTOR xx 
TECHNICAL DATA s 
MHW707-1 


MHW707-2 
MHW707-3 
MHW707-4 











The RF Line 
UHF Power Amplifiers 


. .. designed for 7.5 Volt UHF power amplifier applications in industrial and commercial 
equipment primarily hand portable radios. 


e MHW707-1, f = 408-440 MHz 

e MHW707-2, f = 440-470 MHz 2 fh Dg a hl 
e MHW707-3, f = 470-500 MHz UHF POWER 

e MHW707-4, f = 490-512 MHz AMPLIFIERS 

e Specified 7.5 Volt Characteristics: 





RF Input Power = 1.0 mW (0 dBm) 

RF Output Power = 7.0 Watts (2) 

Minimum Gain (VControl = 7.0 V) = 38.5 dB (2) 
Harmonics = —40 dBc Max @ 2 fo 


e 50 Q Input/Output Impedance 
e Guaranteed Stability and Ruggedness 
e Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


CASE 301J, STYLE 1 
MAXIMUM RATINGS (Flange Temperature = 25°C) 


Se ee an] 
[aFitpover dn | 
[RF Oupet Power Wer=Vaa=Van=Vea=eove) ———SSS—*dC Pt | w] 


ELECTRICAL CHARACTERISTICS Ve} = Vso = Veg = Vs4 = 7.5 Vac, (Pins 2,4,5,6), Tc = 25°C, 50 Q System 


eS 


Frequency Range 403 pase MHz 
440 47 
470 500 
490 512 


connaivetage Pane TOW PaatoMM «dC | |e 


Quiescent Current 
(Vg1 = Vg2 = Vgg= Vs4 = 7.5 Ve, Pin = 0 MW, Vcont = 0 Vdc) 


Pes | — 
ee 
| =| ot 
ae ee 
No Degradation 


Harmonics (Pout =7.0W)(1)(2) 2 f 
All spurious outputs 


(Pin = 1.0 mW) 
more than 60 dB 


Input VSWR (Pout = 7.0 W, Pin = 1.0 mW), 50 Q Ref. (1) (2) 
below desired signal 


































Control Current (Vs1 = Vso = Vs3 = Vg4 = 7.5 Vde, Pin = 1.0 mW) (1) 


Load Mismatch (Vs1 = Vso = Vsg = Vsq = 9.0 Vdc) 
VSWR = 10:1, Pout = 9.0 W, Pin = 3.0 mW(1) 


Stability (Pin = 1.0-3.0 mW, V1 = Vg2 = Vsg = Vs4 = 6.0-9.0 Ve) 

Pout between 1.0 W and 9.0 W (1) 

Load VSWR = 8:1, All Phase Angles 

NOTES: 

1. Adjust Vcont for specified Pout. 

2. MHW707-4 Specifications: Poyt = 7.0 W @ 490 MHz 
Pout = 6.5 W @ 512 MHz 
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VCONTROL Vsi + Vs2 Vg3 + Ve4 
+7 Vde +7.5 Vde +7.5 Vde 





10dB 50 
ATTENUATOR C1-C7 — 0.018 pF OHM 
C8, C9— 3.3 pF LOAD 
C10 — 4.7 WF Tantalum 
Li-L5 — 0.2 wH 
GENERATOR Z1, Z2 — 50 Q MICROSTRIP 


Figure 1. Power Module Test System 
Block Diagram 


TYPICAL CHARACTERISTICS 
(MHW707-1) 


n, EFFICIENCY (%) 


Veont CONTROL VOLTAGE (Vdc) 
Pout, OUTPUT POWER (W) 





INPUT VSWR 


“400 410 420 430 440 450 
f, FREQUENCY (MHz) Vcont CONTROL VOLTAGE (Vdc) 
Figure 2. Control Voltage, Efficiency and VSWR Figure 3. Output Power versus Control Voltage 


versus Frequency 
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TYPICAL CHARACTERISTICS 
(MHW707-1) 


Pout, OUTPUT POWER (WW) 





410 450 


t, FREQUENCY (MHz) 


Figure 4. Output Power versus Frequency 


Pout, OUTPUT POWER (W) 


Pin= 1 mW 
= oVasVue ers 
Voont SET FOR Po W@To=25°C 





-60 -60 -40 -20 0 20 40 60 80 100 


Tc, CASE TEMPERATURE (°C) 


Figure 6. Output Power versus Case Temperature 


Veont: CONTROL VOLTAGE (Vde) 





0 
80 -60 -40 -20 0 
Tc, CASE TEMPERATURE (°C) 


Figure 5. Control Voltage versus Case Temperature 


Pout, OUTPUT POWER (W) 





20 40) «(60 
Tc, CASE TEMPERATURE (°C) 


-80 -6€0 -40 -20 0 


Figure 7. Output Power versus Case Temperature at 
Maximum Control Voltage 


TYPICAL CHARACTERISTICS 
(MHW707-2) 


Pin= 1 mi 


Pout, OUTPUT POWER (W) 


mW 
Vst = Vege Vg = Vg4 = 7.5 Vde 
VCont = 7 Vde 





80 60 -40 -20 0 2 40 60 
Tc, CASE TEMPERATURE (°C) 


Figure 8. Output Power versus Case Temperature 
at Maximum Control Voltage 
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Figure 9. Control Voltage Efficiency and VSWR 
versus Frequency 
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TYPICAL CHARACTERISTICS 
MHW707-2) 


Pout, OUTPUT POWER (W) 


Von: CONTROL VOLTAGE (Vdc) 


Figure 10. Output Power versus Control Voltage 


Veont» CONTROL VOLTAGE (Vdo) 


0 
-80 -60 40 -20 40. 60 80 100 
To, dee ‘HeSTHES C) 


Figure 12. Control Voltage versus Case Temperature 
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Pout, OUTPUT POWER (W} 


Pout, OUTPUT POWER (W) 





{, FREQUENCY (MHz) 


Figure 11. Output Power versus Frequency 


=im 
Vet= Veo = Vg3 = Vsq = 7. 
SET FOR Poyt = TWe toe 25°C 





°s9 60 40-200 60 80 100 
To, CASE Teer C) 


Figure 13. Output Power versus Case Temperature 
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TYPICAL CHARACTERISTICS 
(MHW707-3) 
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Figure 18. Output Power versus Case Temperature at 
Maximum Control Voltage 
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TYPICAL CHARACTERISTICS 


Pout = 7 W @ 490 MHz 


Pout = 6.5 W @ 512 MHz 
Pout = 5.8 W @ 520 MHz 
Vg1 = Vg = Vg3 = Vgq = 7.5 Vde 


Veont» CONTROL VOLTAGE (Vdc) 


0 
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f, FREQUENCY (MHz) 


Figure 19. Control Voltage, Efficiency and VSWR 
versus Frequency 
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Figure 21. Output Power versus Frequency 


Pout» OUTPUT POWER (W) 


Pin = 1 mW 
Vg1 = Vso = Vsg = Vgq = 7.5 Vde 
Veont = 7 Vde 


1 
-80 -60 -40 -20 0 20 


n, EFFICIENCY (2%) 


INPUT VSWR 





(MHW707-4) 


Pout » OUTPUT POWER (W) 
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Figure 20. Output Power versus Control Voltage 


V1 = Vso = Vs3 = Vg4 = 7.5 Vde 
Veont SET FOR Poyt = 7 W @ Tc = 25°C, f = 490 MHz 
Veont SET FOR Poyt = 6.5 W @ Te = 25°C, f = 512 MHz 
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Figure 22. Output Power versus Case Temperature 
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Figure 23. Output Power versus Case Temperature at 
Maximum Control Voltage 
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MOTOROLA RF DEVICE DATA 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 

All electrical specifications are based on the nominal 
conditions of Vs{ = Vs2 = Vs3 = Vs4 = 7.5 Vde (Pins 2, 4, 5, 6) 
and Pout equal to 7.0 watts (6.5 W for MHW707-4). With 
these conditions, maximum current density on any device is 
1.5 x 105 A/cm2. While the modules are designed to have ex- 
cess gain margin with ruggedness, operation of these units 
outside the limits of published specifications is not recom- 
mended unless prior communications regarding intended 
use have been made with the factory representative. 


GAIN CONTROL 

The module output should be limited to 7.0 watts. The pre- 
ferred method of power output control is to fix Vg1 =Vs2 = Vs3 
= Vg4 = 7.5 Vde (Pins 2, 4, 5, 6), Pin (Pin 1) at 1.0 mW, and 
vary Veont (Pin 3) voltage. 


DECOUPLING 

Due to the high gain of the four stages and the module size 
limitation, external decoupling networks require careful con- 
sideration. Pins 2, 3, 5 and 6 are internally bypassed with a 
0.018 uF chip capacitor which is effective for frequencies 
from 5.0 MHz through 940 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri- 
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 


(PUT _] 





Figure 24. Test Fixture Assembly 


LOAD MISMATCH 

During final test, each module is load mismatch tested in a 
fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vs1 = Vs2 = Vs3 = Vs4 
equal to 9.0 Vdc, VSWR equal top 10:1, and output power 
equal to 9.0 watts. 


L OUTPUT 





SCALE 0.75:1 


Figure 25. Photomaster For Test Fixture 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


MHW720A1 


The RF Line MHW720A2 
UHF Power Amplifiers MHW720A3 


. . . capable of wide power range control as encountered in UHF cellular telephone 
applications. 


e MHW720A1 400-440 MHz 
° MHW720A2 440-470 MHz 20 peace 
e MHW720A3 450-458 MHz AMPLIFIERS 
° Specified 12.5 Volt, UHF Characteristics — 
Output Power = 20 Watts 
Minimum Gain = 21 dB 
Harmonics = —40 dB (Max) 


e 50 Q Input/Output Impedance 

e Guaranteed Stability and Ruggedness 

e Epoxy Glass PCB Construction Gives Conslstent Performance and Reliability 

e¢ MHW720A3 Specifically Designed for C-NETZ Mobile Applications 

e¢ MHW720A3 Guaranteed for Dynamic Range and Extreme Condition Performances 








MAXIMUM RATINGS (Flange Temperature = 25°C) 


a 
[RF input Power SSS Rin fas 













Vv 
m 
Operating Case Temperature Range —30 to +100 : 


Storage Temperature Range MHW720A1, MHW720A2 Tstg -40 to +100 
MHW720A3 —30 to +100 


Frequency Range MHW720A1 
MHW720A2 
MHW720A3 


Input Power (Poyt = 20 W) 
Power Gain (Pout = 20 W) 


Efficiency (Poyt = 20 W) MHW720A1, MHW720A2 
MHW720A3 





Harmonics (Pout = 20 W, Reference) 


Input Impedance (Poyt = 20 W, 50 Q Reference) 


Gain Degradation (1) (Pout = 20 W, Reference 
Gain @ Tc = + 25°C) To =-30°C 
To = +80°C 


Load Mismatch No degradation 
(VSWR = 30:1, Vgq = Veo = 15.5 Vde, Poyt = 30 W) in Pout 





Stability (Pin = 0 to 250 MW, Vg1 = Vga = 10 to 15.5 Vdc) MHW720A1, MHW720A2 All spurious outputs 
1. Load VSWR = 4:1, 50 Q Reference more than 60 dB 
2. Source VSWR = 2:1, 50 Q Refernece below desired signal 
Stability (Pin = 0 to 250 mW, Vg1 = Vso = 7.5-15.5 Vdc) MHW720A3 All spurious outputs 
1. Load VSWR = 6:1, 50 Q Reference more than 60 dB 
2. Source VSWR = 3:1, 50 Q Reference below desired signal 
Quiescent Current MHW720A1, MHW720A2 Ist (q) 200 mA 
(Ig4 No RF Drive Applied) MHW720A3 75 
NOTE: 


1. See Figure 5, Input Power versus Case Temperature 
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APPLICATIONS INFORMATION 


Nominal Operation 

All electrical specifications are based on the nominal 
conditions of Vsq (Pin 5) and Vso (Pin 3) equal to 12.5 Vde 
and with output power equaling 20 watts. With these condi- 
tions, maximum current density on any device is 1.5 x 105 A/ 
cm2 and maximum die temperature with 100° base plate 
temperature is 165°. While the modules are designed to have 
excess gain margin with ruggedness, operation of these 
units outside the limits of published specifications is not rec- 
ommended unless prior communications regarding intended 
use has been made with the factory representative. 


Gain Control 

This module is designed for wide range Poyt level control. 
The recommended method of power output control, as 
shown in Figure 3, is to fix Vg1 and Vgo at 12.5 Vde and vary 
the input RF drive level at Pin 7. 

In all applications, the module output power should be lim- 
ited to 20 watts. 


Decoupling 

Due to the high gain of the three stages and the module 
size limitation, the external decoupling network requires 
careful consideration. Both Pins 3 and 5 are internally by- 






passed with a 0.018 uF chip capacitor effective for frequen- 
cies from 5 through 470 MHz. For bypassing frequencies 
below 5 MHz, networks equivalent to that shown in the test 
fixture schematic are recommended. Inadequate decoupling 
will result in spurious outputs at certain operating frequencies 
and certain phase angles of input and output VSWR less 
than 4:1. 


Load Mismatch 

During final test, each module is load mismatch tested in a 
fixture having the identical decoupling network described in 
Figure 1. Electrical conditions are Vs1 and Vga equal 15.5 V, 
load VSWR infinite, and output power equal to 30 watts. 


Mounting Considerations 

To insure optimum heat transfer from the flange to heat- 
sink, use standard 6-32 mounting screws and an adequate 
quantity of silicon thermal compound (e.g., Dow Corning 
340). With both mounting screws finger tight, alternately 
torque down the screws to 4-6 inch pounds. The heatsink 
mounting surface directly beneath the module flange should 
be flat to within 0.005 inch to prevent fracturing of ceramic 
substrate material. For more information on module mount- 
ing, see EB-107. 


MHW720A BLOCK DIAGRAM 


C2, C3 0.1 yF Ceramic 
C7 47 uF Tantalum, 25 V 


10 dB 
MICROLAB/ FXR AD 10N Z1, Z2 50 Q Microstripline 
Signal L1, L2 Ferroxcube VK200-20/4B 
C1, C4, C5, C6 1.0 wF Tantalum 25 V 


Generator 


NOTE: No Internal D.C. blocking on input pin. 


Figure 1. UHF Power Amplifier Test Setup 
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TYPICAL CHARACTERISTICS 
MHW720A1, MHW720A2 
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TYPICAL CHARACTERISTICS 
MHW720A3 
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Vs1 = Vg2 = 12.5 V @ Vg{ = Ve2 = 12.5 V 
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Figure 7. Output Power versus Input Power Figure 8. Output Power versus Voltage 


V51 = Vge = 10.3 V 
Pin = 150 mW 





Tc, CASE TEMPERATURE (°C) 


Figure 9. Output Power versus Case Temperature 
@ 10.3 V Supply 
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Figure 11. Test Fixture Assembly 





Body Clearance 
for 4-40 Screw 
| ES 
wa 
Teflon Glass Board 
t= 0.031" 
& = 2.56 
Output Line 
, Width = 0.085” 
(ES | CE, SEE e/a - 
: ‘ NOTE: : 
Input Line SCALE 0.75:4 Mount board and module on 1/2” thick aluminum block for 
Width = 0.085” Pin? Pind Pin3 Pin 4 heat sinking and electrical ground. Pins 2, 4 and 6 are not 


directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 


Figure 12. UHF Power Amplifier Test Fixture Printed Circuit Board 
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TECHNICAL DATA 

MHWS803-1 
The RF Line MHW803-2 
UHF Power Amplifiers MHWS803-3 


. . . Capable of wide power range control as encountered in portable cellular radio 
applications (30 dB typical). 


+ MHW803-1 820-850 MHz eae bowen. 
* MHW803-2 806-870 MHz AMPLIFIERS 


e MHW803-3 870-905 MHz 
e Specified 7.5 Volt Characteristics 


RF Input Power = 1 mW (0 dBm) 

RF Output Power = 2 Watts 

Minimum Gain (VControl = 4 V) = 33 dB 

Harmonics = —45 dBc Max @ 2 fo 
e 50 Q Input/Output Impedance 
e Guaranteed Stability and Ruggedness 
e Epoxy Glass PCB Construction Gives Consistent Performance and Reiiability 

CASE 301E, STYLE 1 

MAXIMUM RATINGS (Flange Temperature = 25°C) 


D6 Cone vata in Voor | * 





s|< 
8|& 


PRriptPower i 
[RF OuputPoner Wai =Vea=Veo=t0W——SSSSCSCSCS~S | 
Operating Case Temperature Range °C 
Storage Temperature Range °C 


ELECTRICAL CHARACTERISTICS Vg1 = Vso = Veg = 7.5 Ve, (Pins 2,3,4), To = 25°C, 50 Q System 


Characteristic 


Frequency Range MHW803-1 
MHW803-2 
MHW803-3 





Efficiency (Pout = 2 W, Pin = 1 mW) (1) 
Harmonics (Pout =2W)(1) 2 fo 


(Pin = 1 mW) 3 fo 


Input VSWR (Pout = 2 W, Pin = 1 mW), 50 Q Ref. (1) 
Noise power 30 kHz Bandwidth, 45 MHz above fo 
(Pout=2W (1) To =+25°C 
(Pin = 1 mW) To = +100°C 








Load Mismatch (Vsj = Vga = Vs3 = 10 Vde) No Degradation 
VSWR = 10:1, Pout = 3 W, Pin = 3 mW (1) in Power Output 
Stability (Pin = 0.5—2 mW, Vg1 = Vso = Vgg = 6-9 Vde) All spurious outputs 
Pout between 0 mW and 2 W (1) more than 60 dB 
Load VSWR = 6:1, Source VSWR = 3:1) below desired signal 
NOTES: 
1. Adjust Veont for specified Pout. 
2. VCont = 0 Vde. 
MOTOROLA RF DEVICE DATA MHW803-1eMHW803-2eMHW803-3 
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VCONTROL Vs1 
+4Vde +7.5 Vde 

@ 100 pA @120 mA @100 mA @450 mA 

(TYPICAL) (TYPICAL) (TYPICAL) (TYPICAL) 
10¢B C1, C2 — 0.018 mF CHIP 50 

ATTENUATOR C3, C5, C7 — 0.1 mF OHM 

C4, C6, C8, C9 — 1 mF Tantalum 
3 L1, L2, L3, L4 — 0.15 mH 


C) SIGNAL Z1, Z2 — 50 W MICROSTRIP 
GENERATOR 





Figure 1. Power Module Test System 
Block Diagram 
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TYPICAL CHARACTERISTICS 
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Figure 4. Output Power versus Frequency 


Vg1 = Vg2 = V3 = 7.5 Vde 
Vcont set for Pout = 2 W @ To = 20°C 


Pout, OUTPUT POWER (W) 
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Figure 6. Output Power versus Case Temperature 
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Figure 5. Control Voltage versus Case Temperature 
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Figure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 
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Pout, OUTPUT POWER (W) Vcont: CONTROL VOLTAGE (Vdc) 


Pout, OUTPUT POWER (W) 


TYPICAL CHARACTERISTICS 
(MHW803-3) 


), EFFICIENCY (%) 





920 
f, FREQUENCY (MHz) 


Figure 8. Control Voltage, Efficiency and VSWR 
versus Frequency 
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Figure 10. Output Power versus Frequency 


Vere Vso = Vs3 = 7.5 Vde 
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Figure 12. Output Power versus Case Temperature 
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Figure 9. Output Power versus Control Voltage 
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Figure 11. Control Voltage versus Case Temperature 
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Figure 13. Output Power versus Case Temperature 
at Maximum Control Voltage 


MOTOROLA RF DEVICE DATA 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 

All electrical specifications are based on the nominal 
conditions of Vgj = Vs2 = Vs3 = 7.5 Vde (Pins 2, 3, 4) and Pout 
equal to 2 watts. With these conditions, maximum current 
density on any device is 1.5 x 105 A/em2 and maximum die 
temperature with 100°C case operating temperature is 
165°C. While the modules are designed to have excess gain 
margin with ruggedness, operation of these units outside the 
limits of published specifications is not recommended unless 
prior communications regarding intended use have been 
made with the factory representative. 


GAIN CONTROL 

The module output should be limited to 2 watts. The pre- 
ferred method of power output control is to fix V1 = Vs2 = Vs3 
= 7.5 Vde (Pins 2, 3, 4), Pin (Pin 1) at 1 mW, and vary VCont 
(Pin 1) voltage. 


DECOUPLING 

Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require careful 
consideration. Pins 2, 3 and 4 are internally bypassed with a 
0.018 pF chip capacitor which is effective for frequencies 
from 5 MHz through 905 MHz. For bypassing frequencies be- 
low 5 MHz, networks equivalent to that shown in Figure 1 are 
recommended. Inadequate decoupling will result in spurious 
outputs at certain operating frequencies and certain phase 
angles of input and output VSWR. 





—) 
7 








Figure 14. Test Fixture Assembly 


LOAD MISMATCH 

During final test, each module is load mismatch tested in a 
fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vsj=Vs2 = Vg equal to 10 
Vdc, VSWR equal to 10:1, and output power equal to 3 watts. 


PIN NUMBERS 
2 





| | 





SCALE 0.75:1 


Figure 15. Photomaster For Test Fixture 
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MOTOROLA 


= SEMICONDUCTOR Sn 
TECHNICAL DATA 


MHWS804-1 


The RF Line MHW804-2 
UHF Power Amplifiers 


. .. designed specifically for portable radio applications. The MHW804 Series is capable 


of wide power range control, operates from a 7.5 volt supply and requires only 1.0 mW of 4.0 WATTS 
RF input power. 800 to 940 MHz 
RF POWER 
e MHW804-1 — 800 to 870 MHz AMPLIFIERS 
MHW804-2 — 896 to 940 MHz 


e Specified 7.5 Volt Characteristics: 
RF Input Power — 1.0 mW (0 dBm) 
RF Output Power — 4.0 W 
Minimum Gain — 36 dB 
Harmonics — —45 dBc Max @'2.0 fo 


e 50 Ohm Input/Output Impedances 
e Guaranteed Stability and Ruggedness 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


a 
[AripaPower Sdn] 
[AFoupdPone —SCSCS~*dC 


ELECTRICAL CHARACTERISTICS (Tc = + 25°C, 50 ohm system, unless otherwise noted) 


Se 
Frequency Range MHW6804-1 
MHW804-2 
Power Gain (Vs1 = Vs2 = Vs3 = Vs4 = Vg5 = 7.5 V; Veont = 3-75 V) 


Control Voltage (Pin = 0 dBm, Pout = 4.0 W, Vs1 = Vs2 = Vs3 = V4 = Vg5 = 7.5 V, 
Adjust Veont for specified Pout) 


Efficiency (Same condition as for Veont) a: il 


Current Drain (Same conditions as for Veont): IS1 + 1S4 (Pins 2, 5) 
1S2 + 1S3 + IS5 (Pins 3, 4, 6) 
contro! (Pin 1) 


Input VSWR (Same conditions as for Veont) 
















CASE 301F, STYLE 1 





Harmonic Content (Same conditions as for Veont) 2.0 fo ae 
3.0 fo 


Leakage Current — Iso + Isg + Is5 (Vs2 = Vg3 = Vs5 = 7.5 Vi Vg1 = Vgg = OV 
Veont = 0 V; Pin = 0 mW) 


Standby Current — Ig1 + Isq4 (Vsi = Vs2 = Vs3 = Vs4 = Vg5 = 7.5 V 
Vecont = 4-0 V; Pin = 0 mW) 


Load Mismatch Stress (Vg1 = Vs2 = Vs3 = Vs4 = Vs5 = 9.0 V; ‘ 
Pin = 2.0 mW; Poyt = 6.0 W; Load VSWR = 20:1, All Phase Angles. Pound no 
Adjust Veont for Specified Poys) 


Stability (Vg1 = Vg = Vg3 = V4 = Vg5 = 6.0 to 9.0 V; Pin =— 1.0 dBm to + 3.0 dBm; All Spurious Outputs 
Pout = 1.0 W to 4.0 W; Load VSWR = 6:1, All Phase Angles; More Than 60 dB Below 
Adjust Veont for Specified Poyt) Desired Signal 
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Ve3Vs4 VsiVso Vs5 





+ 7.5 Vde +7.5 Vde +75 Vde 
360 mA 178 mA 986 mA 
(TYPICAL) (TYPICAL) (TYPICAL) 
10 dB : 50 
C1, C2 — 0.018 nF Chip 
ATTENUATOR C3, C5, C7, C9— 0.1 pF OHM 
C4, C6, C8, C10 — 1 pF Tantalum LOAD 
SIGNAL C11 — 15 pF 
GENERATOR L1, L2, L5 — 0.29 pH 
L3, L4, L6 — 0.15 pH 
50 Ohm Microstrip 


Figure 1. Power Module Test System Block Diagram 
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Pout, OUTPUT POWER (W) _, YooNt CONTROL VOLTAGE (Vde) 


Pour, OUTPUT POWER (W) 


TYPICAL CHARACTERISTICS 


Pin= imW 
Pout=4 WwW 
Vs1 = Vs2 = Vg3 = Vg4 = Vg5 = 7.5 Vde 


f, FREQUENCY (MHz) 


Figure 2. Control Voltage, Efficiency and 
VSWR versus Frequency 









5b Pin= 1 mw 
Veont = 3.75 Vde 
Vg1 = V2 = Vg = Vgq = Vg5 = 7.5 Vde 
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Figure 4. Output Power versus Frequency 
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3 L Pin set for 4 W @ Tc = 20°C 
Veont = 3.75 V 
Vg1 = Vso = Vg = Veq = Vg5 = 7.5 Vdc * 
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Figure 6. Output Power versus Case Temperature 
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VSWR n, EFFICIENCY (%) 


A ad 


Pout, OUTPUT POWER (W) 


Vconr. CONTROL VOLTAGE (Vde) 


Pout, OUTPUT POWER (W) 


0 
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Pin = 1 mW 
Vs1 = Vg2 = Vg3 = V4 = Vog5 = 7.5 Vde 





Vcont: CONTROL VOLTAGE (Vdc) 
Figure 3. Output Power versus Control Voltage 
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Figure 5. Control Voltage Case Temperature 
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Figure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 





MOTOROLA RF DEVICE DATA 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 

All electrical specifications are based on the nominal con- 
ditions of Vg1 = Vs2 = Vs3 = Vs4 = V5 = 7.5 Vdc (Pins 2, 3, 4, 
5, 6) and Pout equal to 4.0 watts. With these conditions, maxi- 
mum current density on any device is 1.5 x 105 A/em2 and 
maximum die temperature with 100°C case operating tem- 
perature is 165°C. While the modules are designed to have 
excess gain margin with ruggedness, operation of these 
units outside the limits of published specifications is not rec- 
ommended unless prior communications regarding intended 
use have been made with the factory representative. 


GAIN CONTROL 

The module output should be limited to 4.0 watts. The pre- 
ferred method of power output control is to fix Vgj =Vs2=Vs3 
= Vs4 = Vs5 = 7.5 Vde (Pins 2, 3, 4, 5, 6), Pin (Pin 1) at 1.0 
mW, and vary Vcont (Pin 1) voltage. 


DECOUPLING 

Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require careful 
consideration. Pins 2, 3, 4, and 6 are internally bypassed with 
a 0.018 uF chip capacitor which is effective for frequencies 
from 5.0 MHz through 925 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri- 
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 








Figure 8. Test Fixture Assembly 


LOAD MISMATCH 

During final test, each module is load mismatch tested in a 
fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vs1 = Vs2 = Vs3 = Vs4 = Vs5 
equal to 9.0 V, VSWR equal to 20:1,.and output power equal to 
6.0 watts. 





- (Not to Scale) 


Figure 9. Photomaster For Test Fixture 
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MOTOROLA 


= SEMICONDUCTOR oo 
TECHNICAL DATA 


MHWS806A1 
MHWS806A2 
MHWS8O06GAS3 
MHWS06GA4 


The RF Line 
UHF Power Amplifiers 


. .. designed for 12.5 Volt UHF power amplifier applications in industrial and commercial 
FM equipment operating from 806 to 950 MHz. 
e MHW806A1 820-850 MHz 
MHW806A2 806-870 MHz 6 W, 806-950 MHz 
MHW806A3 890-915 MHz HIGH GAIN RF POWER 
MHW806A4 870-950 MHz AMPLIFIERS 
e Specified 12.5 Volt, UHF Characteristics 
Output Power = 6 Watts 
Minimum Gain = 23 dB (MHW806A1,2) 
= 21.7 dB (MHW806A3,4) 
Harmonics = —42 dBc Max (2fo) 
= —60 dBc Max (3fp and higher) 


e 50 Q Input/Output Impedances 


e Guaranteed Stability and Ruggedness | 
e Features Three Common-Emitter Gain Stages 
e Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


e Gold-Metallized and Silicon Nitride-Passivated Transistor Chips 
e Controllable, Stable Performance Over More Than 35 dB Range in Output Power 





CASE 301H, STYLE 2 





MAXIMUM RATINGS 






DC Supply Voltages 
RF Input Power 
RF Output Power 


= 
o 


Uv 
s 


To 30 to +100 
Veen 


Storage Temperature Range 
Operating Case Temperature Range 
DC Control Voltage 





Frequency Range MHW806A1 
MHW806A2 
MHW806A3 
MHW806A4 


Power Gain MHW806A1,2 
(VCont = 12.5 Vde, Pout = 6 W) MHW806A3,4 


Efficiency (1) 

(Pout = 6 W) 
Harmonic Output (1) 2fo 

(Pout = 6 W Reference) 3fo and Higher 
Input VSWR (1) 


(Pout = 6 W, 50 Q Reference, Reflected Signal Filtered to 
Eliminate Harmonic Content) 


NOTE: (continued) 
1. Pin = 30 mW (MHW806A1,2) or Pin = 40 mW (MHW806A3,4), adjust VCont for specified Pout. 
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ELECTRICAL CHARACTERISTICS — continued 
(Flange Temperature = 25°C, 50 Q system, and Vg1 = 12.5 V unless otherwise noted) 


Power Degradation (~30 to + 80°C) (1) 
(Reference Poyt = 6 W @ To = 25°C) 


Load Mismatch Stress (1) 
(Vg1 = 16 Vde, Poyt = 7.5 W, VSWR = 30:1, 
all phase angles) 


Stability (Pin = 0 to 30 mW, [MHW806A1,2] or 0 to 40 mW 


All spurious outputs > 70 dB below 


[MHW806A3,4], Vg1 = 10 to 16 Vde, VCont = 0 to 12.5 Vdc, deeiied olitput signal lavel 


Load VSWR = 4:1, Poyt Max = 7.5 W) (2) 


Quiescent Current @ Vg1 = 12.5 V, Vcont = 0 V 
(ICont with no RF drive applied) 


Control Voltage Pin = 30 mW (MHW806A1,2), 
Pin = 40 mW (MHW806A3,4) 
Control Current Pout = 6 W VCont = 12.5 V 


NOTES: 
1. Pin = 30 MW (MHW806A1,2) or Pin = 40 mW (MHW806A3,4) adjust VCont for specified Pout. 
2. Combination of Pin, Vs1, and VCont can not exceed max Poyt = 7.5 W. 


















MHW806A INTERNAL DIAGRAM 


OUTPUT 
POWER SPECTRUM 
METER ANALYZER 





INPUT’ REFLECTED 
POWER POWER 
METER METER 











VCont Vs1 RF 
INPUT 0+-12.5 Vde +125 Vde OUTPUT 
~ 0.155A ibs 
20 dB DUAL DIRECTIONAL (NOM AL) foun ly 20 dB DUAL DIRECTIONAL 






COUPLER COUPLER 






C1,C4— 1 mF 





10dB RF SIGNAL oo POWER 
C3, C6 — 0.018 mF 
MINIMUM GENERATOR : TERMINATION 
ATTENUATION Z1, Z2 — 50 W MICROSTRIP 
*Module input power is forward power as sampled by the directional 
coupler and read on the input power meter. 
Figure 1. UHF Power Amplifier Test System Diagram 
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MHWS806A1, A2 
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Pins PUT POWER ‘ny 


Pout, OUTPUT POWER (W) 








Figure 2. Output Power versus Input Power 
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Pout, OUTPUT POWER (W) 


Veq1 = +12.5 Vde 
Vont Set for Pout = 6 W @ To = 25°C. 
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Tc, CASE TEMPERATURE (°C) 


Figure 4. Output Power versus Case Temperature 


Vcont: GAIN CONTROL VOLTAGE (vdc) 


, FREQUENCY (MHz) 


Figure 6. Gain Control Voltage Input VSWR, 
Efficiency versus Frequency 
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1, EFFICIENCY (%) 


INPUT VSWR 


+40 













| sr7ecneW A | 
ie wb Vo wa ae 


ara a 


Pout, OUTPUT POWER (W) 
+ 
Be) 
Ss 


2 4 6 8 
Vcont GAIN CONTROL VOLTAGE (Vdc) 


Figure 3. Output Power versus Gain Control Voltage 


44|— Pin = 0.03 W 
Vcont = +10 Vde 


(W) 


Pout, OUTPUT POWER 


800 820 840 860 880 900 
f, FREQUENCY (MHz) 


Figure 5. Output Power versus Frequency 


Veont: GAIN CONTROL 





0 = 0 +20 +40 
Tc, CASE TEMPERATURE (°C) 


Figure 7. Gain Control Voltage versus Case 
Temperature 
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MHW806A3, A4 


Pout, OUTPUT POWER (W) 





100 
Pin, INPUT POWER (mW) 


Figure 8. Output Power versus Input Power 
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Vet = #125 Vde 
VCont set for Pout = 6 W @ Te = 25°C 
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Figure 10. Output Power versus Case Temperature 
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Figure 12. Gain Control Voltage, Input VSWR, 
Efficiency versus Frequency 
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LT 
eh Ne the ed 


Poyt, OUTPUT POWER (W) 





2 4 6 
Vcont: GAIN CONTROL VOLTAGE (Vdc) 


Figure 9. Output Power versus Gain Control Voltage 





14} Pin = 0.04 
VCont = 10 Vde 


910 930 
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Figure 11. Output Power versus Frequency 
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Figure 13. Gain control Voltage versus Case 
Temperature 
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APPLICATIONS INFORMATION 


Nominal Operation 

All electrical specifications are based on the following nom- 
inal conditions: (Pout = 6W, Vs1 = 12.5 Vde). This module is 
designed to have excess gain margin with ruggedness, but 
operation outside the limits of the published specifications is 
not recommended unless prior communications regarding 
the intended use have been made with the factory represen- 
tative. 


Gain Control 

In general, the module output power should be limited to 
7.5 watts. The preferred method of power output control is to 
fix Vg1 at 12.5 volts, set RF drive level and vary the control 
voltage from 0 to 12.5 Volts. As designed, the module exhib- 
its a gain control range greater than 35 dB using the method 
described above. 


Top View 












(4x4x0.5 INCH ALUMINUM BASE) 
FLANGE GROUND 


Figure 14. Test Fixture Assembly 
SEE CROSS Decoupling 


SETONVEN: Due to the high gain of each of the three stages and the 


module size limitation, external decoupling networks require 
careful consideration. Both Pins 2 and 3 are internally by- 
passed with a 0.018 uF chip capacitor which is effective for 
frequencies from 5 MHz through 960 MHz. For bypassing fre- 
quencies below 5 MHz, networks equivalent to that shown in 
the test fixture schematic are recommended. Inadequate de- 
coupling will resuit in spurious outputs at specific operating 
frequencies and phase angles of input and output VSWR. 





RF RF 
INPUT OUTPUT Load Mismatch Stress 
Pewee ea) Ce RTE OTT) During final test, each module is load mismatch stress 
tested in a fixture having the identical decoupling network de- 
Cross Section View scribed in Figure 1. Electrical conditions are Vg1 equal to 16 
0.0625" THICK volts, load VSWR 30:1 and output power equal to 7.5 watts. 
RE Vous Vst RF TEFLON FIBERGLASS 


Mounting Considerations 

To insure optimum heat transfer from the flange to heat- 
sink, use standard 6-32 mounting screws and an adequate 
quantity of silicone thermal compound (e.g., Dow Corning 








C1, C2, C4, C5 340). With both mounting ‘screws finger tight, alternately 
. torque down the screws to 4-6 inch pounds. The heatsink 
Waevecn Toe hops — pide tg ee. mounting surface directly beneath the module flange should 
be flat to within 0.0015 inch. For more information on module 
Figure 15. Test Fixture Construction mounting, see EB-107. 
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MOTOROLA 
= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line MHW812A3 


UHF Power Amplifier 


. .. designed for 13 Volt UHF power amplifier applications in industrial and commercial FM 
equipment operating from 890 to 915 MHz. 


12 W, 890-915 MHz 





e Specified 13 Volt, UHF Characteristics HIGH GAIN RF POWER 
Output Power = 12 Watts AMPLIFIERS 
Minimum Gain = 20.8 dB 
Harmonics =—42 dBc Max (2f9) 

—60 dBc Max (3f9 and Higher) 


e 50 Q Input/Output Impedances 

e Guaranteed Stability and Ruggedness 

e Features Three Common-Emitter Gain Stages 

e Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


e Gold-Metallized and Silicon Nitride-Passivated Transistor Chips 
e Controllable, Stable Performance Over More Than 35 dB Range in Output Power 


CASE 301H, STYLE 2 





MAXIMUM RATINGS 





a 


—30 to +100 


Characteristic 


Frequency Range 


Power Gain Gp 
(Vcont = 12.5 Vde, Pout = 12 W) 


Efficiency (1) 
(Pout = 12 W) 


Harmonic Output (1) 2fo 
(Pout = 12 W Reference) 3fo and Higher 


Input VSWR (1) 


(Pout = 12 W, 50 Q Reference, Reflected Signal Filtered to 
Eliminate Harmonic Content) 


NOTE: (continued) 
1. Pin = 100 mW; adjust Vcont for specified Pout. 
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ELECTRICAL CHARACTERISTICS — continued 
(Flange Temperature = 25°C, 50 Q system, and Vs = 13 V unless otherwise noted) 


Characteristic 


Power Degradation (—30 to + 80°C) (1) 
(Reference Poyt = 12 W @ To = 25°C) 


Load Mismatch Stress (1) 
(Vg1 = 16 Vde, Pout = 13 W, VSWR = 30:1, 
all phase angles) 


Stability (Pin = 0 to 200 mW, Vsq1 = 10 to 16 Vdc, 


VCont = 0 to 12.5 Vde, Load VSWR = 4:1, 
Pout Max = 13 W) (2) 

Quiescent Current @ Voont = 12.5 V 
(ICont with no RF drive applied) 


Control Voltage Pin = 100 mW 
Control Current Pout = 12 W V Cont=12.5V 


NOTES: 
1. Pin = 100 mW; adjust VCont for specified Pout. 
2. Combination of Pin, Vs1 and VCont can not exceed max Pout = 15 W. 










MHW812A3 INTERNAL DIAGRAM 


INPUT* REFLECTED 
POWER POWER 
‘METER = =METER 





20 dB 





0.155 A 
(NOMINAL) 









C1,C4—1 mF 








10d8 —- RF SIGNAL Scr atin POWER 
C3, C6 — 0.018 mF 
MINIMUM GENERATOR a TERMINATION 
ATTENUATION 21, Z2— 50 W MICROSTRIP 
*Module input power is forward power as sampled by the directional 
coupler and read on the input power meter. 
Figure 1. UHF Power Amplifier Test System Diagram 
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TYPICAL CHARACTERISTICS 
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Figure 6. Control Voltage versus Case Temperature Figure 7. Output Power versus Case Temperature 
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APPLICATIONS INFORMATION 


Nominal Operation 

All electrical specifications are based on the following nom- 
inal conditions: (Pout = 12 W, Vs1 = 13 Vdc). This module is 
designed to have excess gain margin with ruggedness, but 
operation outside the limits of the published specifications is 
not recommended unless prior communications regarding 
the intended use have been made with a factory representa- 
tive. 


Gain Control 

In general, the module output power should be limited to 
13 watts. The preferred method of power output control is to 
fix Vg1 at 13 volts, set RF drive level and vary the control volt- 
age from 0 to 12.5 Volts. As designed, the module exhibits a 
gain control range greater than 35 dB using the method de- 
scribed above. 


Top View 








(4x 4x0.5 INCH ALUMINUM BASE) 
FLANGE GROUND 


SEE CROSS 
SECTION VIEW 


RF C3 Cc = RF 
INPUT OUTPUT 
(LINE WIDTH = 0.177”) (LINE WIDTH = 0.177’) 
Cross Section View 
0.0625” THICK 
apy Vet . RE _ TEFLON FIBERGLASS 


OUTPUT. (= 2.55) 





Bring capacitor leads through fiberglass board and solder to 
Vgs1 and Vcont lines as close to module as possible. 


Figure 9. Test Fixture Construction 
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Figure 8. Test Fixture Assembly 


Decoupling 

Due to the high gain of each of the three stages and the 
module size limitation, external decoupling networks require 
careful consideration. Both Pins 2 and 3 are internally by- 
passed with a 0.018 uF chip capacitor which is effective for 
frequencies from 5 MHz through 960 MHz. For bypassing fre- 
quencies below 5 MHz, networks equivalent to that shown in 
the test fixture schematic are recommended. Inadequate de- 
coupling will result in spurious outputs at specific operating 
frequencies and phase angles of input and output VSWR. 


Load Mismatch Stress 

During final test, each module is load mismatch stress 
tested in a fixture having the identical decoupling network de- 
scribed in Figure 1. Electrical conditions are Vg1 equal to 16 
volts, load VSWR 30:1 and output power equal to 13 watts. 


Mounting Considerations 

To insure optimum heat transfer from the flange to heat- 
sink, use standard 6-32 mounting screws and an adequate 
quantity of silicone thermal compound (e.g., Dow Corning 
340). With both mounting screws finger tight, alternately 
torque down the screws to 4-6 inch pounds. The heatsink 
mounting surface directly beneath the module flange should 
be flat to within 0.0015 inch. For more information on module 
mounting, see EB-107. 
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MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


MHW851-1 
MHW851-2 


The RF Line e 
UHF Power Amplifiers Sanaa 


. . . capable of wide power range control as encountered in portable cellular radio 
applications (30 dB typical). 

e High Efficiency 1.6 W, 820-925 MHz 
e MHW851-1: f = 820-850 MHz RF POWER 

° MHW851-2: f = 870-905 MHz parusiene 

e MHW851-3: f = 890-915 MHz 
e MHW851-4: f = 915-925 MHz 


e Specified 6.0 Volt Characteristics 
RF Input Power = 1.0 mW (0 dBm) 
RF Output Power = 1.6 Watts (MHW851-1,-2,-4) 
= 2.0 Watts (MHW851-3) 


Minimum Gain (VControl = 3.5 V) = 32 dB (MHW851-1,-2,-4) 
(VControl = 3.5 V) = 33 dB (MHW851-3) 
Harmonics = —45 dBc Max @ 2.0 fo 
e 50 Q Input/Output Impedance 


e Guaranteed Stability and Ruggedness 
e Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 





CASE 301N, STYLE 1 





MAXIMUM RATINGS (Flange Temperature = 25°C) 










Frequency Range MHW851-1 










MHW851-2 
MHW851-3 
MHW851-4 
Corl Vege Pau = 18 in= TOMI TT vor |e | ss ve] 
Quiescent Current (Vg1, Pin 2 = 6.0 Vdc) (2) isq | — | 6 | ma | 


Power Gain (Poyt = 1.6 W, Vcont = 3.5 Vdc) (3) MHW851-1,-2,-4 


(Pout =2.0.W, Vcont shee uae) MEWES TS ee die a : 

Eicionoy Poat= LOW, Pn= 10) a 

NOTES: (continued) 
1. Adjust Veont for specified Pot. 


2. Voont = 0 Vde. 
3. Pout = 2.0 watts for MHW851-3 only. 
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ELECTRICAL CHARACTERISTICS (V.1 = Vso = Vg = 6.0 Vde, (Pins 2, 3, 4), To = 25°C, 50 Q System) 
Characteristic 


Harmonics (Pout = 1.6 W) (1)(3) 2.0 fg 
(Pout = 1.0 mW) 3.0 fo 


Input VSWR (Pout = 1.6 W, Vcont = 3.5 V) (34) 


Noise Power 30 kHz Bandwidth, 45 MHz, above fo 
(Pout = 1.6 W) (1)(3) To = +25°C 


(Pin = 1.0 mW) To = +100°C 


Load Mismatch (Vg1 = Vga = Veg = 7.5 Vde) 
VSWR = 10:1, Pout = 3.0 W, Pin = 3.0 mW) (1) 





Stability (Pin = 0.5—2.0 mW, Vg1 = Vso = Vs3 = 4.8-7.5 Vde All spurious outputs 
Pout between 0 mW and 1.6 W (1)(3) more than 60 dB 
Load VSWR = 6:1, Source VSWR = 3:1) below desired signal 

NOTES: 
1. Adjust Vcont for specified Poyt. 
2. Voont = 0 Vde. 


3. Pout = 2.0 watts for MHW851-3 only. 
4. Adjust Pin for specified Pout. 






SIGNAL 
GENERATOR 


= ATTENUATOR = @ 100 pA @80mA @ 80 mA @ 380 mA" =. OHM = 


C1, C2 — 0.018 mF CHIP 

C3, C5, C7 — 0.1 mF 

C4, C6,C8,C9—1mF TANTALUM = *4g9 mA for MHW851-3 
L1, L2, L3, L4 — 0.15 mH 

Z1,Z2 —50 W MICROSTRIP 


Figure 1. Power Module Test System Block Diagram 
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TYPICAL CHARACTERISTICS 


MHW851-1 and MHW851-2 


Vcont: CONTROL VOLTAGE (Vde) 


{, FREQUENCY (MHz) 


Figure 2. Control Voltage, Efficiency and Input 
VSWR versus Frequency 


Pout» OUTPUT POWER (W) 





875 
{, FREQUENCY (MHz) 


Figure 4. Output Power versus Frequency 








ie Vga = Vga = 6 Vde 
3 Vconrt SET FOR Poyt = 1.6 W@ Tc = +20°C 


Pout, OUTPUT POWER (W) 
no 
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-80 -0 +0 -20 0 20 40 60 80 100 120 
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Figure 6. Output Power versus Case Temperature 
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nNEFFICIENCY (%) 


INPUT VSWR 


Pout OUTPUT POWER (W) 





1 2 3 4 
VcONT: CONTROL VOLTAGE (Vdc) 


Figure 3. Output Power versus Control Voltage 


VCont» CONTROL VOLTAGE (Vdc) 





20 0 2 40 6 
To, CASE TEMPERATURE (°C) 
Figure 5. Control Voltage versus Case Temperature 
Pin =imW 


Vg1 = Vg2 = Vg = 6 Vde 
Vconrt = 4 Vde (Max.) 


Pout, OUTPUT POWER (W) 





20 40 60 
Tc, CASE TEMPERATURE (°C) 


80 100 120 


Figure 7. Output Power versus Case Temperature at 
Maximum Control Voltage 


MHW851-1 eMHW6851-2eMHW851-3eMHW851-4 
3-109 


TYPICAL CHARACTERISTICS (continued) 


MHW851-3 and MHW851-4 
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Figure 10. Output Power versus Frequency 


Pin=1mW 

V1 = Vg2 = Veg = 6 Vde 

VCONT SET FOR Poyt = 2 W @ Tg = +20°C (MHW851-3) 
VCONT SET FOR Pout = 1.6 W @ Tc = +20°C (MHW851-4) 


Pout, OUTPUT POWER (W) 





Tc, CASE TEMPERATURE (°C) 


Figure 12. Output Power versus Case Temperature 
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Pout, OUTPUT POWER (W) 





2 3 
Vcont: CONTROL VOLTAGE (Vdc) 
Figure 9. Output Power versus Control Voltage 
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Figure 11. Control Voltage versus Case Temperature 
Pin= 1 mW 


Vs51 = V2 = Vg3 = 6 Vde 
Vconr = 4 Vde (Max.) 


Poyt, OUTPUT POWER (W) 





Tc, CASE TEMPERATURE (°C) 


Figure 13. Output Power versus Case Temperature 
at Maximum Control Voltage 
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APPLICATIONS INFORMATION 


NOMINAL OPERATION 

All electrical specifications are based on the nominal 
conditions of Vsj = Vs2 = Vs3 = 6.0 Vde (Pins 2, 3, 4). With 
these conditions, maximum current density on any device is 
1.5 x 105 A/cm2 and maximum die temperature with 100°C 
case operating temperature is 165°C. While the modules are 
designed to have excess gain margin with ruggedness, op- 
eration of these units outside the limits of published specifica- 
tions is not recommended unless prior communications 
regarding intended use have been made with the factory rep- 
resentative. 


GAIN CONTROL 

The module output should be limited to specified value. 
The preferred method of power output control is to fix Vs1 = 
Vs2 = Vs3 = 6.0 Vde (Pins 2, 3, 4), Pin (Pin 1) at 1 mW, and 
vary VCont (Pin 1) voltage. 


DECOUPLING 

Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require careful 
consideration. Pins 2, 3 and 4 are internally bypassed with a 
0.018 yF chip capacitor which is effective for frequencies 
from 5 MHz through 940 MHz. For bypassing frequencies be- 
low 5 MHz, networks equivalent to that shown in Figure 1 are 
recommended. Inadequate decoupling will result in spurious 
outputs at certain operating frequencies and certain phase 
angles of input and output VSWR. 

Remember that the modules are NOT hermetic. Do not im- 
merse a module in a flux cleaning solution or other liquids un- 
der any circumstances. 














Figure 14. Test Fixture Assembly 


LOAD MISMATCH 

During final test, each module is load mismatch tested in a 
fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vg1 = Vg2 = Vs3 equal to 
7.5 Vdc, VSWR equal to 10:1, and output power equal to 3 
watts. 


i a 


— a} 


(Not to Scale) 


Figure 15. Photomaster For Test Fixture 
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MOTOROLA 
= SEMICONDUCTOR =x 
TECHNICAL DATA 
MHW903 


The RF Line Sciacca 
UHF Power Amplifiers 


. . . designed specifically for the Pan European digital 2.0 watt, GSM hand-held radio. The 
MHW903, MHW953 and MHW954 are capable of wide power range control, operate from 3.5 W 
a7.2 volt supply and require 1.0 mW (MHW903/953) or 100 mW (MHW954) of RF input 890 to 915 MHz 
power. RF POWER 
AMPLIFIERS 


e Specified 7.2 Volt Characteristics: 
RF Input Power — 1.0 mW (0 dBm) MHW903/953; 100 mW (20 dBm) MHW954 
RF Output Power — 3.5 W 


Minimum Gain — 35.4 dB (MHW903/953) or 15.4 dB (MHW954) 
Harmonics — —35 dBc Max @ 2.0 fo (MHW930/953) or 
—30 dBc Max @ 2.0 fo (MHW954) 
e New Biasing and Control Techniques Providing Dynamic Range and Control 


Circuit Bandwidth Ideal for GSM 
e Low Control Current 
e 50 Ohm Input/Output Impedances 
e Guaranteed Stability and Ruggedness 


CASE 413A, STYLE 1 
(MHW903) 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


eee... Pe ee P 
DC Supply Voltage | VerVe2Veg | 00 | Vio | 


Vs3 
DC Bias Voltage (MHW903/953) Vb 5.25 Vde 
(MHW954) 4.75 
Tc 


Vde 
DC Control Voltage (MHW903/953 only) Veont | 30 | Vide 
w 
°C 


CASE 301V, STYLE 1 
(MHW953) 


‘2. 


CASE 301Y, STYLE 1 
(MHW954) 


RF Input Power (MHW903/953) 0 
(MHW954) 400 


rf feed 


Operating Case Temperature Range —-30 to +100 
Storage Temperature Range Tstg 


ELECTRICAL CHARACTERISTICS (Vsj = Vs2 = Vs3 = 7.2 Vde; Vp = 5.0 Vde for MHW903/953) 
(Vg1 = Vg2 = 7.2 Vde; Vp = 4.5 Vde for MHW954) 
(Tc = 25°C; 50 ohm system, unless otherwise noted) 


[FiequeneyRargs SSS 0 ts | 


Power Gain (Pout = 3.5 mW) MHW903/953 (1) 
MHW954 (2) 


Control Current 
(Pout = 3.5 W; Pin = 1.0 mW) MHW903/953 only (1) 





Supply Current 
(Pout = 3.5 W; Pin = 1.0 mW) MHW903/953 only (1) 


Leakage Current (Pin = 0 MW; Vcont = Vb = 0 Vde; 
V51 = Vg2 = Veg = 9.0 Vde for MHW903/953. 
Pin = 0 MW; Vp = 0 Vde; Vg1 = Vp = 9.0 Vde for MHW954) 





NOTES: (continued) 
1. Adjust Veont for specified Poyt; duty cycle = 12.5%, period = 4.6 ms 
2. Adjust Pin for specified Pout; duty cycle = 12.5%, period = 4.6 ms 
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ELECTRICAL CHARACTERISTICS — continued (Vs1 = Vs2 = Vs3 = 7.2 Vde; Vp = 5.0 Vde for MHW903/953) 
(Vg1 = Ve = 7.2 Vde; Vp = 4.5 Vde for MHW954) 
(Tc = 25°C; 50 ohm system, unless otherwise noted) 


a ee ee 


Efficiency (Pout = 3.5 W; Pin = 1.0 mW) MHW903/953 (1) 
(Pout = 3.5 W) MHW954 (2) 


Harmonics (Poyt = 3.5 W; Pin = 1.0 MW) MHW903/953 (1) 2.0 fo 
3.0 fo 
(Pout = 3.5 W) MHW954 (2) 2.0 fo 
3.0 fo 
Noise Power (In 30 kHz Bandwidth, 20 MHz above fp) (To = 25°C-— 100°C) 
(Pout = 0.3-3.5 W; Vg1 = Vgo = Vg3 = 6.25—9.0 Vdc, Pin = 1.0 mW) MHW803/953 (1) 
(Pout = 0.3-3.5 W; Vg1 = Vso = 6.25—9.0 Vdc) MHW954 (2) 


Output Power, Low Voltage (Pin = 1.0 mW; Vgq = Vgp = V3 = 6.25 Vde; Voont = 3.0 Vdc) MHW803/953 
(Pin = 100 mW; Vg4 = Vgp = 6.25 Vde) MHW954 


{solation (Pin = 1.0 MW; Veont = 0 Vde; Vs = Vp = 0~—5 Vdc) MHW903/953 only (1) 
3.0 dB Veont Bandwidth (Pin = 1.0 mW; Pout = 0.03—3.5 W) MHW903/953 only (1) 


% AM In Output 
(Pout = 0.035-3.5 W; 135 kHz, 1% AM on Input) MHW954 only (2) 


Load Mismatch Stress (Pin = 2.0 MW; Pout = 3.5 W; Vg1 = Vg2 = Vga = 9.0 Vdc) MHW903/953 (1) No degradation 
(Pout = 3.5 W; Vp = 4.75 Vde; Vg1 = Vso = 9.0 Vdc) MHW954 (2) in output power 
(Load VSWR = 10:1, All Phase Angles at Frequency of Test) before and after test 
Stability 
(Pin = 0.5 to 2.0 MW; Poyt = 0.03~-3.5 W; Vg1 = Vso = Vs3 = 6.0 to 9.0 Vdc) MHW903/953 (1) 
(Pout = 0.03-3.5 W; Vg1 = Vp = 6.0 to 9.0 Vdc) MHW954 (2) 
(Load VSWR = 6:1, Source VSWR = 3:1, All Phase Angles at Frequency of Test) 


NOTES: 
1. Adjust Veont for specified Poyt; duty cycle = 12.5%, period = 4.6 ms 
2. Adjust Pin for specified Poy; duty cycle = 12.5%, period = 4.6 ms 


All spurious outputs 
more than 60 dB 
below desired signal 





CIRCUIT BLOCK DIAGRAM 





RF INPUT — Veont Vs4 Vb Vs2+Vg3 RF OUTPUT 
PIN DESIGNATIONS: ELEMENT VALUES: 

Pin 1 — RF Input Power @ 0 dBm and Control Voltage @ 0-—3.0 Vdc C1=C2= 0.018 pF 

Pin 2 — First and Second Stage Collector Supply Voltage @ 7.2 Vdc C4=C6=C8=C10= 0.1 WF 

Pin 3 — Trickle Base Bias Voltage @ 5.0 Vdc C3=C5=C7=C9 = 1.0 nF Tant. 
Pin 4 — Third Stage Collector Supply Voltage @ 7.2 Vdc L1-L3 = 0.29 pH Choke 

Pin 5 — Fourth Stage Collector Supply Voltage @ 7.2 Vdc L4, L5 = 0.15 wH Choke 

Pin 6 — RF Output Power @ 3.5 W Z1, Z2 = 50 Ohm Microstrip 


Figure 1. Test Circuit Diagram — MHW903/953 
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CIRCUIT BLOCK DIAGRAM 





RF INPUT Vs4 Vb Vso RF OUTPUT 
PIN DESIGNATIONS: ELEMENT VALUES: 
Pin 1 — RF Input Power @ 20 dBm Max Adjust for C1=C2=C4=C6= 0.018 pF 
Output Power C3=C5=C7= 2.2 nF 
Pin 2 — First Stage Collector Voltage @ 7.2 Vdc Li, L2 = 0.29 pH 
Pin 3 — Trickle Bias Voltage @ 4.5 Vdc L3=0.2 nH 
Pin 4 — Third Stage Collector Supply @ 7.2 Vdc Z1, Z2 = 50 Ohm Microstrip 


Pin 5 — RF Output Power @ 3.5 W Nominal 


Figure 2. Test Circuit Diagram — MHW954 
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3 = 
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a Pout = 3.5 W S Ve1 = Vg2 = Vg3 = 7.2 V 
= V1 = V2 = Vg3 = 7.2 V = 
fo} 
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2 
0 05 1 15 2 25 3 3.5 4 
{, FREQUENCY (MHz) Veont: CONTROL VOLTAGE (Vdc) 
Figure 3. Control Voltage, Efficiency and Input Figure 4. Output Power versus Control Voltage 
VSWR versus Frequency 
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o o Pin= 1 mW 
3 3 Vs1 = Vg2 = Vg3 = 7.2 V 
i a Vp =5V 


Veont SET FOR Poyt = 3.5 W @ Te = 25°C 





0 
-40 -20 0 20 40 60 80 100-120 


f, FREQUENCY (MHz) Tc, CASE TEMPERATURE (°C) 


Figure 5. Output Power versus Frequency Figure 6. Output Power versus Case Temperature 


Vs1 = Vg2 = V3 = 7.2 V 
Vp =5V 
Veont = 3 V (MAX) 


Pout, OUTPUT POWER (W) 





0 
-40  ~20 0 20 40 60 80 100 120 
Tc, CASE TEMPERATURE (°C) 





Figure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 


MHW903 
MHW953 MHW954 





Figure 8. Photomasters for Test Fixture 
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APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the nominal 
conditions of Vs1 = Vs2 = Vs3 = 7.2 Vde (Pins 2, 4, 5) and Vp 
=5.0 Vdc (Pin 3) for MHW903/953. Nominal conditions are Vs4 
= Vg2 = 7.2 Vde (Pins 2 and 4) and Vp = 4.5 Vde (Pin 3) for 
MHW954. With these conditions, maximum current density on 
any device is 1.5 x 105 A/cm2 and maximum dié temperature 
is 165°C. While the modules are designed to have excess gain 
margin with ruggedness, operation of these units outside the 
published specifications is not recommended unless prior 
communications regarding intended use have been made 
with the factory representative. 


GAIN CONTROL 


The module output power should be limited to specified 
value. The preferred method of power control for the 
MHW903/953 is to fix Vg1 = Vg2 = Vs3 = 7.2 Vdc, Vp =5.0 Vde, 
Pin (Pin 1) at 1.0 mW, and vary Veont (Pin 1) voltage. For the 
MHW954, fix Vs1 = Vso = 7.2 Vde and Vp = 4.5 Vde; then vary 
Pin (Pin 1) to control Poyt (Pin 5). 


DECOUPLING 


Due to the high gain of the four stages and the module size 
limitation, external decoupling networks require careful con- 
sideration, Pins 2, 3, 4 and 5 are internally bypassed with a 
0.018 LF chip capacitor which is effective for frequencies from 
5.0 MHz through 940 MHz. For bypassing frequencies below 
5.0 MHz, networks equivalent to that shown in Figure 1 are 
recommended. Inadequate decoupling will result in spurious 
outputs at certain operating frequencies and certain phase 
angles of input and output VSWR. 


MOUNTING CONSIDERATIONS 


For the MHW903 Series module, mounting is generally 
accomplished by soldering the flange to a suitable heat sink. 
This can be done with a low temperature solder such as 52% 
In, 48% Sn and type “R” Flux which liquifies below 150°C. 
Under no circumstances should the MHW903 Series modules 
be heated to a temperature greater than =165°C. Internal 
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Figure 9. Test Fixture Assembly 


construction of the module has been achieved using 36% Tin, 
62% lead, 2% silver solder which liquifies at 179—180°C. 

The modules are NOT hermetic. Do not immerse a module 
in a flux cleaning solution or other liquids under any circum- 
stances. 


LOAD MISMATCH 

During final test each module is load mismatch tested in a 
fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vg1 = Vg2 = Vsg = 9.0 Vdc 
(Pins 2, 4, 5), and Vp = 5.0 Vde (Pin 3), Pin = 2.0 MW (12.5% 
duty cycle, 4.6 ms period), VSWR equal to 10:1, and output 
power equal to 4.5 watts. 
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MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information MHW909 


The RF Line 
UHF Power Amplifier 


. designed specifically for the Pan European digital 5.0 watt, GSM handheld radio. The 
MHWS9039 is capable of wide power range control, operates from a 7.2 volt supply and 
requires 100 mW of RF input power. 

e Specified 7.2 Volt Characteristics: 
RF Input Power — 100 mW (20 dBm) 
RF Output Power — 9.0 W 
Minimum Gain — 19.5 dB 
Harmonics — —35 dBc Max @ 2.0 fo 
e New Biasing and Control Techniques Providing Dynamic Range and Control Circuit 

Bandwidth Ideal for GSM 

e 50 Ohm Input/Output Impedances 


e Guaranteed Stability and Ruggedness CASE 301T, STYLE 1 


9.0 W 
890 to 915 MHz 
RF POWER 
AMPLIFIER 





MAXIMUM RATINGS (Flange Temperature = 25°C) 


Rating ee ae 
DC Supply Voltage 


Sse seo 
[Bosesvatae SSCS 
[rrinrover de 
[AF OupaPower(ens0vad ——SSSCSCSCS~S~SC~d CS“ 
[te [=e 00 



















ELECTRICAL CHARACTERISTICS (Vs = Vso = Vga = 7.2 Vde; Vp = 4.5 Vde, To = +25°C, 50 ohm system, unless otherwise noted) 
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No Degradation In Output Power 
Before/After Test 


All Spurious Outputs 
More Than 60 dB 









Power Gain (PouT = 9.0 W) (1) 

Leakage Current (Pin = 0 mW, Vp = 0 Vdc, Vs1 = Vso = Vga = 9.0 Vde) 

Input VSWR (Pout = 9.0 W) (1) VSWRin 

Harmonics (Pout = 9.0 W) (1) 2.0 fo 

3.0 fo to 5.0 fo 
Noise Power (In 30 kHz Bandwidth, 935 to 960 MHz frequency range; a 
Linearity — %AM in Output (Pout = 0.2 to 9.0 W; 135 kHz 
1% AM in Input) (1) 

Output Power, Low Voltage (Pix = 100 mW; Vsj = Vs = Vsg = 6.25 Vdc) a2 

Load Mismatch Stress (Vg1 = Vso = Vgg = 9.0 Vde; Vp = 4.75 Vde; PouT = 10 W; 

Stability (Vs1 = Vso = Vs = 6.0 to 9.0 Vde; PouT = 0.03 to 9.0 W; 

Load VSWR = 6:1, Source VSWR = 3:1, 

All Phase Angles at Frequency of Test) (1) 
NOTE: 


|_ Symbol | 
| Bw 
[een Pau BOW) 
| VSWRin_| 
(Pout = 0.03 to 9.0 W; Vs = Vga = Vga = 6.25 to 9.0 Vdc) (1) 
Load VSWR = 10:1, All Phase Angles at Frequency of Test) (1) 
1. Adjust Pj, for Specified Poyt; Duty Cycle = 12.5%, Period = 4.6 msec 





Below Desired Signal 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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RF INPUT 


Vsi Vs2 VB 
Pin Designations: 
Pin 1 — RF Input Power @ 20 dBm Max Adjust 

for Output Power 


Pin 2 — First Stage Collector Voltage @ 7.2 Vdc 
Pin 3 — Second Stage Collector Voltage @ 7.2 Vdc 
Pin 4 — Trickle Bias Voltage @ 4.5 Vdc 

Pin 5 — Third Stage Collector Supply @ 7.2 Vdc 
Pin 7 — RF Output Power @ 9.0 W Nominal 


Vgg RF OUTPUT 


ElementValues: 


Ci =C2=C4=C6 = C8 = 0.018 pF 
C3 =C5=C7=C9=2.2 pF 
Li-L3 = 0.29 nH 

L4=0.2 pH 

Z1, Z2 = 50 Ohm Microstrip 


Figure 1. Test Circuit Diagram 





MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR oxy 
TECHNICAL DATA 


The RF Line 
UHF Power Amplifier 


. designed specifically for the Pan European digital 8.0 watt, GSM mobile radio. Other 


applications exist in standard analog cellular radios. The MHW912 is capable of wide 904 bd die 
power range control, operates from a 12.5 volt supply and requires only 1.0 mW of RF A POE = 
input power. 


AMPLIFIER 





e Specified 12.5 Volt Characteristics: 
RF Input Power — 1.0 mW (0 dBm) 
RF Output Power — 12.5 W 
Minimum Gain — 41 dB 
Harmonics — —30 dBc Max @ 2.0 fo 
e New Biasing and Control Techniques Providing Dynamic Range 
and Control Circuit Bandwidth Ideal for GSM 
e Low Control Current 
e¢ 50 Ohm Input/Output Impedances 


e Guaranteed Stability and Ruggedness 





MAXIMUM RATINGS (Flange Temperature = 25°C) 


Frequency Range 





Output Power (Pin = 1.0 MW; Veont = 3.0 Vde) 


Output Power, Reduced Voltage 
(Pin = 1.0 MW; Veont = 3.0 Vde; Vg1 = Vb = 8.0 V; Veo = Vg = 10.8 Vdc) 


Current Consumption in 8.0 V Pins (Poyt = 12.5 W; Pin = 1.0 mW) 
Leakage Current (Pin = 0 MW; Vcont = 0; Vs1 = Vb = 0) 


Efficiency (Pout = 12.5 W; Pin = 1.0 mW) (1) f = 890-915 MHz 
f = 884-890 MHz 


input VSWR (Poyt = 0.03 to 12.5 W; Pin = 1.0 mW) (1) VSWRin ee 


Harmonics (Poyt = 12.5 W; Pin = 1.0 mW) (1) 2 fo -30 
3 fo -40 
Noise Power (In 30 kHz Bandwidth, 20 MHz Above fo; -70 
Pout = 12.5 W; Pin = 1.0 mW) (1) 
NOTE: 
1. Adjust Vegnt for specified Poyt; Duty Cycle = 12.5%, Period = 4.6 ms. 
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ELECTRICAL CHARACTERISTICS — continued 


(Vg2 = Vg3 = 12.5 Vdc; V1 = Vp = 8.0 Vde; Tc = +25°C, 50 ohm system, unless otherwise — 


Isolation 
(Pin = 1.0 MW; Veont = 0 Vde; Vs1 = Vb = 0 to 8.0 V) 


3.0 dB Veont Bandwidth 
(Pin = 1.0 mW; Pout = 0.03 to 12.5 W) (1) 


Load Mismatch Stress 


(Vg = 15.6 Vde; Pin = 3.0 mW; Pout = 14 W; Load VSWR = 10:1, 
All Phase Angles at Frequency of Test) (1) 
Stability 
(Vg2. = Vs3 = 10.8 to 15.6 Vde; Pin = 0.5 to 3.0 mW; Pout = 12 mW to 12.5 W; 
Load VSWR = 6:1, All Phase Angles; Source VSWR = 3:1, All Phase Angles at 
Frequency of Test) (1) 
NOTE: 
1. Adjust Veont for specified Pot; Duty Cycle = 12.5%, Period = 4.6 ms. 


CIRCUIT BLOCK DIAGRAM 





RFINPUT  V, Vet V, V 
‘cont s 82 b 


PIN DESIGNATIONS: 


PIN 1 — RF INPUT POWER @ 0 dBm AND CONTROL VOLTAGE @ 0-3 Vdc 
PIN 2— FIRST & SECOND STAGE COLLECTOR SUPPLY VOLTAGE @ 8 Vdc 
PIN 3 — THIRD STAGE COLLECTOR VOLTAGE @ 12.5 Vdc 

PIN 4 — TRICKLE BIAS VOLTAGE @ 8 Vdc 

PIN 5 — FOURTH & FIFTH STAGE COLLECTOR SUPPLY VOLTAGE @ 12.5 Vdc 
PIN 6 — RF OUTPUT POWER @ 12.5 W 





No degradation 
in output power 
before and after test 


All spurious outputs 
more than 60 dB 
below desired signal 


Ve3 RF OUTPUT 


ELEMENT VALUES: 


C1 =C2= C4 = C6 = C8 = C10 = 0.018 pF 
C3=C5=C7=C9=C11=1 pF 

L1-L4 = 0.29 pH 

L5 = 0.2 pH 

R= 20 OHMS 

Z1, Z2 = 50 OHM MICROSTRIP 


Figure 1. UHF Power Module Test Circuit Diagram 
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TYPICAL CHARACTERISTICS 


Pout = 12.5 W 


Vgo = Veg = 12.5 V 


Veont CONTROL VOLTAGE (Vdc) 


880 885 890 895 900 905 910 915 920 
f, FREQUENCY (MHz) 


Figure 2. Control Voltage, Efficiency and 
Input VSWR versus Frequency 






Vet = Vp = 8V 
13F Veont = 3V 


Pout OUTPUT POWER (W) 
z 
2 
a 
iT} 
Es 


880 885 890 895 900 905 910 915 920 
f, FREQUENCY (MHz) 


Figure 4. Output Power versus Frequency 


Veo = Veg = 12.5 V 
Vet = Vp = 8 V 
Veont SET FOR Pout = 12.5 W @ Te = 26°C 


Poyt OUTPUT POWER (W) 





-40 -20 0 20 40 60 80 100 120 
Tc, CASE TEMPERATURE (°C) 


Figure 6. Output Power versus Case Temperature 


MOTOROLA RF DEVICE DATA 





1, EFFICIENCY (%) 


INPUT VSWR 


Vo, CONTROL VOLTAGE (V) 


Pout , OUTPUT POWER (W) 





f = 884 MHz 
900 MHz 
915 MHz 


TAT TT 
RRRERSEES (REE 


HECHT ss 


0 0.20.4 0.608 1 1.2141618 2 22242628 3 323.43.63.8 4 
Veont- CONTROL VOLTAGE (Vdc) 


Figure 3. Output Power versus Control Voltage 


Vs2 « =Vs3 = 12.5 V 
Vsi = Vb =8V 
Pout = 12.5 W 





Tc, CASE TEMPERATURE (°C) 


Figure 5. Control Voltage versus Case Temperature 


Vgo = Vgg = 12.5 V 
Vet = Vp =8V 
Veont = 3 V (MAX) 





20 40 
Tc, CASE TEMPERATURE (°C) 


Figure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 
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APPLICATIONS INFORMATION 


NOMINAL OPERATION 

All electrical specifications are based on. the nominal 
conditions of Vb = Vgi = 8.0 Vde (Pins 2, 4), and Vso = 
Vs3 = 12.5 Vde (Pins 3; 5). With these conditions, maximum 
current density on any device is 1.5 x 105 A/cm2 and 
maximum die temperature is 165°C. While the modules 
are designed to have excess gain margin with ruggedness, 
operation of these units outside the published specifica- 
tions is not recommended unless prior communications 
regarding intended use have been made with the factory 
representative. 


GAIN CONTROL 

The module output power should be limited to specified 
value. The preferred method of power control is to fix Vp = 
Vs1 =8.0 Vde (Pins 2, 4), Vso = V3 = 12.5 Vde (Pins 3, 5), Pin 
(Pin 1) at 1.0 mW, and vary Vcont (Pin 1) voltage. 


DECOUPLING 

Due to the high gain of the five stages and the module size 
limitation, external decoupling networks require careful con- 
sideration. Pins 2, 3, 4, and 5 are internally bypassed with a 
0.018 uF chip capacitor which is effective for frequencies 
from 5.0 MHz through 940 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri- 
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 





Figure 8. Test Fixture Assembly 


LOAD MISMATCH 

During final test, each module is load mismatch tested in a 
fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vp = Vg1 = 8.0 V (Pins 2, 4), 
and Vso = Vs3 = 15.6 Vdc (Pins 3, 5), Pin = 3.0 mW, VSWR 
equal to 10:1, and output power equal to 15 watts. 





SCALE 0.75:1 


Figure 9. Photomaster for Test Fixture 
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MOTOROLA 


Oo 
= SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
UHF Power Amplifiers 


. .. designed specifically for the Pan European digital 8.0 watt, GSM mobile radio. The 


MHW914 and MHW915 are capable of wide power range control, operate from a 12.5 volt 890 pte MHz 
supply and require only 1 mW (MHW914) or 100 mW (MHW915) of RF input power. RF POWER 
e Specified 12.5 Volt Characteristics: AMPLIFIERS 





RF Input Power — 1.0 mW (0 dBm) MHW9714 or 100 mW (20 dBm) MHW915 
RF Output Power — 14 W 

Minimum Gain — 41.5 dB (MHW914) or 21.5 dB (MHW915) 

Harmonics — —30 dBc Max @ 2.0 fo 


e New Biasing and Control Techniques Providing Dynamic Range and Control 
Circuit Bandwidth Ideal for GSM 


e Low Control Current 
e 50 Ohm Input/Output Impedances 
e Guaranteed Stability and Ruggedness 


®. 


CASE 301R, STYLE 1 
(MHW914) 


> 


CASE 301T, STYLE 1 
(MHW915) 






MAXIMUM RATINGS (Flange Temperature = 25°C) 


DC Supply Voltage 
DC Supply Voltage 


DC Supply Voltage 


Vde 
RF Input Power } mw | 
Ee i 





RF Output Power 


Operating Case Temperature Range To —30 to +100 

Storage Temperature Range Tstg 
ELECTRICAL CHARACTERISTICS MHW914 — Vgo = Vg = 12.5 Vdc; Vg1 = Vp = 8.0 Vde; 
MHW915 — Vg4 = Veo = V3 = 12.5 Vde; Vp = 5.0 Vde (To = 25°C, 50 ohm system, unless otherwise noted) 


Characteristic 
Frequency Range 


Power Gain (Pout = 14 W) MHW914 (1) 
MHW915 (2) 


Control Current (Pout = 14 W; Pin = 1.0 mW) MHW$914 only (1) 


Supply Current (Pout = 14 W; Pin = 1.0 mW) MHW914 only (1) 
Leakage Current (Pin = 0 MW; Veont. = Vsi = Vb = 0 Vde; 

Vs2 = Vg3 = 15.6 V for MHW914 ¢ V1 = Vago = Vga = 15.6 V; 

Vb = 0 Vdc; Pin = 0 mW for MHW915 


Efficiency (Pout = 14 W, Pin = 1.0 mW) MHW914 (1) 
(Pout = 14 W) MHW915 (2) 


Input VSWR (Poyt = 14 W, Pin = 1.0 mW) MHW914 (1) 
(Pout = 14 W) MHW915 (2) 





Harmonics (Pout = 14 W, Pin = 1.0 mW) MHW914 (1) 2.0 fo 
3.0 fo to 5.0 fo 

(Pout = 14 W) MHW915 (2) 2.0 fo 
3.0 fo to 5.0 fo 





NOTES: 
1. Adjust Veont for specified Poyt; duty cycle = 12.5%, period = 4.6 ms 
2. Adjust Pin for specified Poyt; duty cycle = 12.5%, period = 4.6 ms 
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ELECTRICAL CHARACTERISTICS — continued MHW914 — Vgo = Vsg = 12.5 Vdc; Vg1 = Vp = 8.0 Vde; 
MHW915 — Vgq1 = Vg2 = Vg3 = 12.5 Vde; Vp = 5.0 Vde (To = 25°C, 50 ohm system, unless otherwise noted) 


po Characteristic Simbot | in| Mee | Unit 


Noise Power (in 30 kHz Bandwidth, 20 MHz above fo) 
(Pout = 0.03 to 14 W, Vga = Vg = 10.8 to 15.6 Vde, Pin = 1.0 mW) MHW914 (1) 
(Pout = 0.03 to 14 W, Vg1 = Vso = Vg3 = 10.8 to 15.6 Vde) MHW915 (2) 


3.0 dB Veont Bandwidth (Pin = 1.0 mW, Pout = 0.03 to 14 W) MHW914 only fe FE Oe 


Output Fower Reduced Voltage (Pin = 1.0 mW; Vso = Vgg = 10.8 Vdc) MHW914 
(Pin = 100 mW; Vgs1 = Vso = Vgg = 10.8 Vdc) MHW915 


Linearity — % AM in Output (Pout = 0.02 to 14 W; 135 kHz, 1% AM on Input) MHW915 only (2) 
Load Mismatch Stress (Vgo = Vgg = 15.6 Vde, Pin = 3.0 mW, Poyt = 15 W) MHW914 (1) 
(Vg1 = Vg2 = V3 = 15.6 Vde, Pout = 15 W) MHW915 (2) 
(Load VSWR = 10:1, All Phase Angles at Frequency of Test) 
Stability (Vso = Vgg = 10.8 to 15.6 Vdc; Pin = 0.5 to 3.0 mW; Pout = 0 mW to 14 W) MHW914 (1) All spurious outputs 


(Vg1 = Vg2 = Vg = 10.8 to 15.6 Vdc, Poyt = 0.03 to 14 W) MHW915 (2) more than 60 dB 
(Load VSWR = 6:1, Source VSWR = 3:1, All Phase Angles at Frequency of Test) below desired signal 
























No degradation 
in output power 
before and after test 










NOTES: 
1. Adjust Veont for specified Pot; duty cycle = 12.5%, period = 4.6 ms 
2. Adjust Pin for specified Pout; duty cycle = 12.5%, period = 4.6 ms 


CIRCUIT BLOCK DIAGRAM 





RF INPUT  Vcont Vs4 Vso Vb Vs3 RF OUTPUT 

PIN DESIGNATIONS: ELEMENT VALUES: 

Pin 1 — RF Input Power @ 0 dBm and Control Voltage C1=C4=C6=C8=C10 = 0.018 pF 
@ 0-3.0 Vde C2=0.1 wF 

Pin 2 — First and Second Stage Collector Supply C3=C5=C7=C9=C11 = 1.0 pF 
Voltage @ 8.0 Vdc L1-L4 = 0.29 pH 

Pin 3 — Third Stage Collector Voltage @ 12.5 Vdc L5=0.2 pH 

Pin 4 — Trickle Bias Voltage @ 8.0 Vdc R= 20 Ohms 

Pin 5 — Fourth and Fifth Stage Collector Supply Z1, Z2 = 50 Ohm Microstrip 


Voltage @ 12.5 Vdc 
Pin 6 —- RF Output Power @ 14 W 


Figure 1. Test Circuit Diagram — MHW914 
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CIRCUIT BLOCK DIAGRAM 





RF INPUT Vs1 Vs Vb Vs3 RF OUTPUT 
PIN DESIGNATIONS: ELEMENT VALUES: 
Pin 1 — RF Input Power @ 20 dBm Max Adjust for C1=C2=C4=C6=C8 = 0.018 pF 
Output Power C3=C5=C7=C9 = 2.2 uF 
Pin 2 — First Stage Collector Voltage @ 12.5 Vdc L1-L3 = 0.29 pH 
Pin 3 — Second Stage Collector Voltage @ 12.5 Vdc L4=0.2 pH 
Pin 4 — Trickle Bias Voltage @ 5.0 Vdc 21, Z2 = 50 Ohm Microstrip 





Pin 5 — Third Stage Collector Supply @ 12.5 Vdc 
Pin 6 — RF Output Power @ 14 W Nominal 


Figure 2. Test Circuit Diagram — MHW915 
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TYPICAL CHARACTERISTICS 








(MHW914) 

3 45 
=> wi iz. 
so a 915 MHz 
we ra = 
fo} ~~ 
= ? Seg 
S 2 
a 15 [sand 
z 2 
Ee Ee 
E 12 8 
8 1 15:1 BS Piq= 1 mW 
3 Pout = 14 W 5° Vgp = V53 = 12.5 V 
> 05 Veo = Veg = 12.5V 1.01 5 

Vg1 = Vb =8V 
0 
880 88 890 89 900 905 910 915 920 
f, FREQUENCY (MHz) Veont: CONTROL VOLTAGE (Vdc) 
Figure 3. Control Voltage, Efficiency and Input Figure 4. Output Power versus Control Voltage 
VSWR versus Frequency 
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0 
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f, FREQUENCY (MHz) Tc, CASE TEMPERATURE (°C) 
Figure 5. Output Power versus Frequency Figure 6. Output Power versus Case Temperature 
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Pout, OUTPUT POWER (W) 





Vg = V53 = 12.5 V 
Vs} = Vb =8V 
Veont = 3 V (MAX) 





0 
-40 -20 0 2 40 46 8 100 120 
To, CASE TEMPERATURE (°C) 


Figure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 
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Pi,» INPUT POWER (mW) 


Pout OUTPUT POWER (W) 


P.,, INPUT POWER (mW) 





TYPICAL CHARACTERISTICS 
(MHW915) 


Pout = 14W 
Vg1 = Vs2 = Vg3 = 12.5 V 
Vp=5V 


DUTY CYCLE = 12.5% 
PERIOD = 4.6 ms 





f, FREQUENCY (MHz) 


Figure 8. Input Power, Efficiency and Input 
VSWR versus Frequency 


Pin = 100 mW 

Vp =5V 

DUTY CYCLE = 12.5% 
PERIOD = 4.6 ms 


890 895 900 905 
f, FREQUENCY (MHz) 


910 915 


Figure 10. Output Power versus Frequency 


Vg1 = Vg = Vg = 12.5 V 
Vp=5V 

DUTY CYCLE = 12.5% 
PERIOD = 4.6 ms 





-40 -20 0 20 40 60 80 100 = 120 


Tc, CASE TEMPERATURE (°C) 


Figure 12. Input Power versus Case Temperature 
for Pout =14W 
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1, EFFICIENCY (%) 


INPUT VSWR 


25 


8 
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Vg1 = Veo = Veg = 12.5 V 
Vb =5V 

DUTY CYCLE = 12.5% 
PERIOD = 4.6 ms 


Pout, OUTPUT POWER (W) 


a 


0 10 


2 30 40 50 6 70 8 90 100 
Pip, INPUT POWER (mW) 


Figure 9. Output Power versus Input Power 


Pout, OUTPUT POWER (W) 


DUTY CYCLE = 12.5% 
PERIOD = 4.6 ms 
Pip SET FOR 14 W OUTPUT AT 12.5 V 





0 
10 "1 12 13 14 15 16 
Ve{ = Vea = Veg, SUPPLY VOLTAGE (V) 


Figure 11. Output Power versus Supply Voltage 


Vg1 = Vg2 = Vg3 = 12.5 V 
Vp =5V 

DUTY CYCLE = 12.5% 
PERIOD = 4.6 ms 


Pout, OUTPUT POWER (W) 





-20 0 2 40 6 80 100 120 
To, CASE TEMPERATURE (°C) 


Figure 13. Output Power versus Case Temperature 
for Maximum Input Power 
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INPUT 





SCALE 0.75:1 


Figure 14. Photomaster for Test Fixture — MHW914 


INPUT OUTPUT 





SCALE 0.75:1 


Figure 15. Photomaster for Test Fixture — MHW915 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 
For the MHW914, all electrical specifications are based 
on the nominal conditions of Vp = Vs1 = 8.0 Vdc (Pins 2, 4), 
and Vs2 = Vs3 = 12.5 Vde (Pins 3, 5). For the : 
MHW915 the nominal conditions are Vg{ = Vso = Vs3 = 12.5 - ; —— 
Vde (Pins 2, 3, 5) and Vp = 5.0 Vde (Pin 4). With these > 
conditions, maximum current density on any device is 1.5 x 
105 A/cm2 and maximum die temperature is 165°C. While the 
modules are designed to have excess gain margin with 
ruggedness, operation of these units outside the published 
specifications is not recommended unless prior communica- 
tions regarding intended use have been made with the 
factory representative. eo 












































GAIN CONTROL 

The module output power should be limited to specified 
value. The preferred method of power control for the 
MHW$914 is to fix Vp = Vg1 = 8.0 Vde, Veo = Vg = 12.5 Vde, 
Pin (Pin 1) at 1.0 mW, and vary Vcont (Pin 1) voltage. The 
preferred method for the MHW$915 is to fix all voltages at 


elie vary Pout (Pin 6) by changing Pin (Pin 1) from 0 Figure 16. Test Fixture Assembly 
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APPLICATIONS INFORMATION (continued) 


DECOULPING 

Due to the high gain of the five stages and the module size 
limitation, external decoupling networks require careful con- 
sideration, Pins 2, 3, 4 and 5 are internally bypassed with a 
0.018 F chip capacitor which is effective for frequencies 
from 5.0 MHz through 940 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
and Figure 2 are recommended. Inadequate decoupling will 
result in spurious outputs at certain operating frequencies 
and certain phase angles of input and output VSWR. 


MOTOROLA RF DEVICE DATA 


LOAD MISMATCH 

During final test each module is load mismatch tested in a 
fixture having the identical decoupling networks described in 
Figures 1 and 2 for the MHW914 and MHW915 respectively. 
Electrical conditions are Vp = V1 = 8.0 V (Pins 2, 4) and Vso 
= V53 = 15.6 Vdc (Pins 3, 5) for the MHW914 and Vsj = Vs2 = 
Vsg = 15.6 Vde (Pins 2, 3, 5) and Vp = 5.0 Vde (Pin 4) for the 
MHW915. Pout = 15 W, Pin = 3.0 mW, load VSWR equals 
10:1 at all phase angles for both modules. 
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MOTOROLA 
= SEMICONDUCTOR 
TECHNICAL DATA 


MHW927A* 


The RF Line W' 
4 =gn M H 927 B 
UHF Linear Power Amplifiers sfterola Prefered Deuce 
Designed specifically for the United States digital 3.0 W, mobile radio. The 
MHW$927A/B are capable of wide power range control, operate from a 12.5 V supply and 6.0 W 
require 1.0 mW of RF input power. 824 to 849 MHz 
e MHW927A Operates from a 9.5 Volt Bias Supply (Vp) RF LINEAR 
MHW927B Operates from a 8.0 Volt Bias Supply (Vg) POWER AMPLIFIERS 


¢ Specified 12.5 Volt Characteristics for MHW927A/B: 
RF Input Power — 1.0 mW (0 dBm) Max 
RF Output Power — 6.0 W 
Power Gain — 40 dB Typ 
Harmonics — —30 dBc Max @ 2 fo 
e Linearity (IMD) — —29 dBc Max for 3rd Order; —34 dBc Max for 5th Order 
e New Biasing and Control Techniques Providing Dynamic Range and Control Circuit 
Bandwidth Ideal for USDC 
e 50 Q Input/Output Impedances 


e Guaranteed Stability and Ruggedness CASE 301AA, STYLE 1 





MAXIMUM RATINGS (Recommended Values for Safe Operation — Not Guaranteed Performance) 


DC Supply Voltage Vga, Vs3 
RF Input Power MHW927A, B 





ELECTRICAL CHARACTERISTICS (Vso = Vg = 12.5 Vdc; Vp = 9.5 Vde (MHW927A); Vp = 8.0 Vde (MHW927B); Pin < 1.0 mw 
(MHW927A/B); Tc = +25°C, 50 ohm’system, unless otherwise noted) 


Frequency Range 824 


Noise Power (In 30 kHz Bandwidth, 45 MHz Above fo; To = +25°C to Tc = +100°C; 
Pout = 6.0 W) (1) 


Load Mismatch Stress (Vso = Vg = 16 Vde; Pout = 12.5 W; Pulsed at 50% Duty No Degradation 
Cycle; Load VSWR = 20:1, All Phase Angles At Frequency of Test) (1) In Output Power Between 
Before and After Test 
Stability (Vgo = Vgg = 10 to 16 Vde; Poyt = 0.012 to 12 W; All Spurious Outputs 
Load VSWR = 4:1, All Phase Angles At Frequency of Test) (1) More Than 70 dB 
Below Desired Signal 





NOTE: 
1. Adjust Pin for Specified Pout. 


Preferred devices are Motorola recommended choices for future use and best overall value. 
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MHW927 INTERNAL DIAGRAM 


OUTPUT 

1 POWER SPECTRUM 
INPUT" REFLECTED METER ANALYZER 
POWER POWER 
METER METER 


20 dB 
ATTENUATOR 








VBIAS $3 
(TYPICAL)(1) 125V 125V 
@ 160 mA @ 1.25 mA 
(TYPICAL) (TYPICAL) 






POWER 
TERMINATION 












10dB 50Q 
MINIMUM 
ATTENUATION TERMINATION 

RF SIGNAL 

90 DEGREE GENERATOR 

HYBRID 

JUNCTION 
RF SIGNAL 
GENERATOR 

50.Q 
TERMINATION Ct, 2,3 — 0.018 pF 


C4, 5,6—0.1 pF 
C7, 8, 9 — 1.0 pF (tant.) 
Z1, Z2 — 50 Q MICROSTRIP 
(1) VBIAS = 9.5 V @ 140 mA (MHW927A) or 8.0 V @ 140 mA (MHW927B) 
*Module input power is forward power as sampled by the directional 
coupler and read on the input power meter. 


Figure 1. MHW927A/B Test Circuit Diagram 
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TYPICAL CHARACTERISTICS 


100 ==> 


Po, OUTPUT POWER (W) 


(MHW927A) 
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Figure 2. Input Power, Efficiency and VSWR 
versus Frequency 


Py =6.0 W@ Te = 25°C 
Vp =9.5V 
Vgp = Vgg = 12.5 V 


f= 849 MHz 


ASS 
bs aD 
- 40 0 40 80 120 
Tc, CASE TEMPERATURE (°C) 


Py, OUTPUT POWER (W) 





Figure 4. Output Power versus Case Temperature 





IMD, INTERMODULATION DISTORTION (dBc) 





0.02 


00 01 02 OF 1 2 5 10 
Po, OUTPUT POWER (WW) 


Figure 6. Intermodulation versus Output Power 
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04 
0.01 0.02 005 O1 02 05 1 2 5 10 


Pin, INPUT POWER (mW) 


Figure 3. Output Power versus Input Power 


Po, OUTPUT POWER (WW) 


80 
To, CASE TEMPERATURE (°C) 





Figure 5. Output Power versus Case 
Temperature at Maximum Input Power 


IMD, INTERMODULATION DISTORTION (dBc) 





0.05 0.1 
Po, OUTPUT POWER (W) 


0.2 05 1 2 5 10 


Figure 7. Intermodulation versus Output Power 
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TYPICAL CHARACTERISTICS 
(MHW927B) 


1), EFFICIENCY (%) 


Pins INPUT POWER (mW) 


VSWRin 





0.2 05 #10 2 


or sabi ee Pin, INPUT POWER (mW) 
Figure 8. Input Power, Efficiency and VSWR Figure 9. Output Power versus Input Power 
versus Frequency 


Pin = 6.0 W @ Te = 25°C 
Vp =8.0V 
Vso = Vgg = 12.5 V 


Pin = 1.0 mW 
Vp =8.0V 
Vgp = Vg = 12.5V 


Py, OUTPUT POWER (W) 
Po, OUTPUT POWER (W) 





Tc, CASE TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 


Figure 10. Output Power versus Case Temperature Figure 11. Output Power versus 
Case Temperature at Maximum Input Power 


1 
nN 
o 





IMD, INTERMODULATION DISTORTION (dBc) 
IMD, INTERMODULATION DISTORTION (dBc) 








f 4= 824.00 MHz 

fo = 824.01 MHz 

Vp =8.0V 

Vgo = Vsg = 12.5 V 

~ Bor 0.02 005 O01 02 O85 1 2 5 10 Bot 0.02 #005 O01 02 O05 O1 2 5 10 
Po, OUTPUT POWER (W) Po, OUTPUT POWER (W) 
Figure 12. Intermodulation versus Output Power Figure 13. Intermodulation versus Output Power 
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MOTOROLA 


= SEMICONDUCTOR as 
TECHNICAL DATA 


The RF Line 
UHF Power Amplifier 


. designed specifically for the Pan European digital 20 watt, GSM mobile radio. The 
MHW932 is capable of wide power range control, operates from a 12.5 volt supply and 32 W 


i i 890 to 915 MHz 
requires 100 mW of RF input power. RF POWER 
AMPLIFIER 


e Specified 12.5 Volt Characteristics: 
RF Input Power — 100 mW (20 dBm) 
RF Output Power — 32 W 
Minimum Gain — 25 dB 
Harmonics — —35 dBc Max @ 2.0 fo 


e New Biasing and Control Techniques Providing Dynamic Range and Control Circuit 
Bandwidth Ideal for GSM 


e 50.Ohm Input/Output Impedances 
e Guaranteed Stability and Ruggedness 





MAXIMUM RATINGS (Flange Temperature = 25°C) 


Symbol 
DC Supply Voltage — 







ee 
[a OupaPowe SSCS Pk “dw 
[Opeiing Co TonpaatreRangs———SSSCSCSC~C~‘s WD 


ELECTRICAL CHARACTERISTICS 
(Vg1 = Vg2 = Vg3 = Vgq4 = 12.5 Vde; Vg = 5.0 Vdc, Tc = +25°C, 50 ohm system, unless otherwise en 


———— ee 
[Power Gan Poue@eWe) ————SSSSCS—~id | 
Leakage Current (Pin = 0 mW, Vg = 0 Vde, Vs1 = Vso = V3 = Va = 15.6 Vdc) Fou | 
ies | 
|_YSWRin 





Efficiency (Pout = 32 W) (1) 
Input VSWR (Poyt = 32 W) (1) VSWRin 


Harmonics (Pout = 32 W) (1) 2.0 fo 
3.0 fo to 5.0 fo 


Linearity — % AM in Output (Pout = 0.02 to 32 W; 135 kHz, 1% AM in Input) 


Output Power, Low Voltage (Pij = 100 mW; Vs1 = Vso = Vs3 =Vs4= 10.8 Vde) ~ rote 


Load Mismatch Stress (Vg1 = Vga = Vgg = Vsq = 15.6 Vde; Pout = 40 W; No Degradation 
Load VSWR = 10:1, All Phase Angles at Frequency of Test) (1) In Output Power 
Before and After Test 


Noise Power (In 30 kHz Bandwidth, 935 to 960 MHz frequency range; 
(Pout = 0.03 to 32 W; Vg1 = Vgo = Vgg = Vgq = 10.8 to 15.6 Vdc) (1) 


Stability (Vs1 = Vge = Vgg = Vgq = 10.8 to 15.6 Vde; POUT = 0.03 to 32 W; 
Load VSWR = 6:1, Source VSWR = 3:1, 
All Phase Angles at Frequency of Test) (1) 
NOTE: 
1. Adjust Pin for Specified Poyt; Duty Cycle = 12.5%, Period = 4.6 msec 


All Spurious Outputs 
More Than 60 dB 
Below Desired Signal 
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MHW932 BLOCK DIAGRAM 








RF INPUT Vs1 Vso Vp Vg3 Vs4 RF OUTPUT 
Pin Designations: Element Values: 
Pin 1 — RF Input Power @ 20 dBm Max Adjust C1 =C2=C4=C6=C8=C10=0.018 pF 
for Output Power C3=C5=C7=C9=C11=2.2 pF 
Pin 2 — First Stage Collector Voltage @ 12.5 Vdc L1-L3 = 0.29 pH 
Pin 3 — Second Stage Collector Voltage @ 12.5 Vdc L4=0.2 nH 
Pin 4 — Trickle Bias Voltage @ 5.0 Vdc L5 — VR200, Up to 10 A Max IS4 
Pin 5 — Third Stage Collector Supply @ 12.5 Vdc 21, Z2 = 50 Ohm Microstrip 


Pin 6 — Fourth Stage Collector Supply @ 12.5 Vdc 
Pin 7 — RF Output Power @ 32 W Nominal 


Figure 1. Test Circuit Diagram 
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TYPICAL CHARACTERISTICS 


Pout = 32 W 
V1 = Vga = Vg3 = Vgq = 12.5 V 
Vv 


Vp =5 
DUTY CYCLE = 12.5%, PERIOD = 4.6 ms 


Pin, INPUT POWER (mW) 


f, FREQUENCY (MHz) 


Figure 2. Input Power, Efficiency and Input 
VSWR versus Frequency 


&s 


ao 
o 


20 Pin = 100 mW 

15 Vp=5V 

DUTY CYCLE = 12.5% 
PERIOD = 4.6 ms 


Pout, OUTPUT POWER (W) 
np 
a 


{, FREQUENCY (MHz) 


Figure 4. Output Power versus Frequency 


Pin, INPUT POWER (mW) 


Vs1 = Vs2 = V53 = Vgq'= 12.5 V 
Vb=5V 

DUTY CYCLE = 12.5% 
PERIOD = 4.6 ms 


-40 -20 0 20 40 60 80 100 
Tc, CASE TEMPERATURE (°C) 


Figure 6. Input Power versus Case Temperature 
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120 


n, EFFICIENCY (2%) 


INPUT VSWR 


Pout, OUTPUT POWER (W) Pout OUTPUT POWER (W) 


Pout: OUTPUT POWER (W) 


40 


eo wo 
on 


Vg1 = Vga = Vs3 = Vg = 12.5 V 
Vb=5V 

| DUTY CYCLE = 12.5% 
5-H PERIOD = 4.6 ms 





0 
o 10 2 30 40 %50 60 70 80 90 100 
Pin» INPUT POWER (mW) 


Figure 3. Output Power versus Input Power 


{= 890 MHz ZA 


aa 
ae 


Pin SET FOR 32 W OUTPUT AT 12.5 V 
Vp =5V 

DUTY CYCLE = 12.5% 

PERIOD = 4.6 ms 





0 
10 11 12 13 14 15 16 
Vet = Vea = Ve3 = Ve4, SUPPLY VOLTAGE (V) 


Figure 5. Output Power versus Supply Voltage 


V51 = Vs2 = Vg3 = V4 = 12.5 V 
Vp=5V 

DUTY CYCLE = 12.5% 
PERIOD = 4.6 ms 





~40 -20 0 20 40 60 80 100 120 
Tc, CASE TEMPERATURE (°C) 


Figure 7. Output Power versus Case Temperature 
for Maximum Input Power 
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INPUT OUTPUT 





SCALE 0.75:1 


Figure 8. Photomaster for Test Fixture 



































Figure 9. Test Fixture Assembly 
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APPLICATIONS INFORMATION 


NOMINAL OPERATION 

All electrical specifications are based on the nominal 
conditions of Vs1 = Vs2 = Vs3 = Vs4 = 12.5 Vde (Pins 2, 3, 
5, 6), and Vp = 5.0 Vde (Pin 4). With these conditions, maxi- 
mum current density on any device is 1.5 x 10° A/em2 and 
maximum die temperature is 165°C. While the modules are 
designed to have excess gain margin with ruggedness, op- 
eration of these units outside the published specifications is 
not recommended unless prior communications regarding in- 
tended use have been made with the factory representative. 


GAIN CONTROL 

The module output power should be limited to specified 
value. The preferred method of power control is to fix Vs{ = 
V2 = V3 = Vg4 = 12.5 Vde (Pins 2, 3, 5, 6), Vb = 5.0 Vde (Pin 
4), and vary Pin (Pin 1) from 0 to 100 mW. 


MHW932 
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DECOUPLING 

Due to the high gain of the four stages and the module size 
limitation, external decoupling networks require careful con- 
sideration, Pins 2, 3, 4, 5, and 6 are internally bypassed with 
a 0.018 uF chip capacitor which is effective for frequencies 
from 5.0 MHz through 940 MHz. For bypassing frequencies 
below 5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling will result in spuri- 
ous outputs at certain operating frequencies and certain 
phase angles of input and output VSWR. 


LOAD MISMATCH 

During final test each module is load mismatch tested in a 
fixture having the identical decoupling networks described in 
Figure 1. Electrical conditions are Vs1 = Vs2 = Vs3 = Vs4 = 
15.6 Vdc (Pins 2, 3, 5, 6), and Vp = 5.0 Vde (Pin 4), VSWR 
equal to 10:1, and output power equal to 40 watts. 





MOTOROLA RF DEVICE DATA 


MOTOROLA 
= SEMICONDUCTOR [xx 
TECHNICAL DATA 


MHW1134 
MHW1224 


The RF Line 


A “ MHW1244 
Low Distortion 
= agua 
Wideband Amplifiers 
13.0 dB 
. .. designed specifically for broadband applications requiring low distortion characteris- 18.5 dB 
ties. Specified for use as return amplifiers for mid-split and high-split 2-way cable TV ane ac 
systems. Features all gold metallization system. 5. 0-200 MHz 
e Guaranteed Broadband Power Gain @ f = 5.0—200 MHz CATV HIGH-SPLIT 
e Guaranteed Broadband Noise Figure @ f = 5.0—175 MHz REVERSE AMPLIFIERS 


e Superior Gain, Return Loss and DC Current Stability with Temperature 

e All Gold Metallization 

e All lon-implanted Arsenic Emitter Transistor Chips with 7.0 GHz fT’s 

e Circuit Design Optimized for Good RF Stability Under High VSWR Load Conditions 


e Transformers Designed to Insure Good Low Frequency Gain Stability versus 
Temperature 





ABSOLUTE MAXIMUM RATINGS 


RF Voltage Input (Single Tone) 

OC Supply Voltage 

Operating Case Temperature Range 
Storage Temperature Range 





Characteristic 


[symbol 


Frequency Range (Response/Retum Loss) Note 1 | Bw flO 
Cable Slope Equivalent (5.0-200 MHz) | S| 0.2 Min/+0.8Max 
Gain Fess (0-200 ee 
Input/Output Return Loss (5.0-200 MHz) Note 1 


Cross Modulation Distortion @ +50 dBmvV per ch. 
12-Channel FLAT (5.0-120 MHz) XM42 -70 Typ -67 Typ 
22-Channel FLAT (5.0-175 MHz) (2) (3) XMo2 —65 Max —62 Max 
26-Channel FLAT (5.0-200 MHz) XMo6 -65 Typ —62 Typ 


NOTES: (continued) 


1. Response and return loss characteristics are tested and guaranteed for the full 50-200 MHz frequency range. 
2. Motorola 100% distortion andnoise figure testingis performed overthe5.0— 175 MHz frequency range. Cross modulation andcomposite triple 
beat testing are with 22-channel loading; Video carriers used are: 





T7-T13 7.0~43.0 MHz 7-Channels 
2-6 55.25-—83.25 MHz 5-Channels 
A-7 121.25-175.25 MHz 10-Channels 


3. Video carriers used for 12-Channel typical performances are T7—6; For 26-Channel typical performance, Channels 8, 9, 10 and 11 areadded 
to the 22-Channel carriers listed above. 





MOTOROLA RF DEVICE DATA MHW1134eMHW1224eMHW1244 
3-139 


ELECTRICAL CHARACTERISTICS — continued (Voc = 24 Vdc, To = +30°C, 75 Q system) 


(RRR a te eat oe 


Composite Triple Beat Distortion @ +50 dBmV perch. 
22-Channel FLAT (5.0-175 MHz) Notes 2 and3 CTBao -73 Max —69 Max —68 Max 
26-Channel FLAT (5.0—200 MHz) CTB2g -71 Typ -68.5 Typ | —67.5 Typ 
Individual Triple Beat Distortion @ +50 dBmV per ch. 
Mid-Split (5.0-120 MHz) T11, T12 and CH2 @ 123.25 MHz TB3 -90 Typ —-88 Typ —87 Typ 
High-Split (5.0-175 MHz) T13, CH2 and CHS @ 175.5 MHz TB3 —-87 Typ —85 Typ —84 Typ 


Second Order Distortion @ +50 dBmvV per ch. —72 Max —72.Max -72 Max 
High-Split (5.0-175 MHz) CH2, CHA @ 176.5 MHz 

Noise Figure 7.0 Max 
High-Split (5.0—175 MHz) Note 2 


| DoCuret Current | Docuret sist 210 Typ/240 Max mAdc 


NOTES: 
1. Response and return loss characteristics are tested and guaranteed for the full 5.0-200 MHz frequency range. 
2. Motorola 100%distortion and noise figure testingis performed over the 5.0— 175 MHz frequency range. Cross modulation and composite triple 
beat testing are with 22-channel loading; Video carriers used are: 





T7-T13 7.0-—43.0 MHz 7-Channels 
2-6 55.25-83.25 MHz 5-Channels 
A-7 121.25-175.25 MHz 10-Channels 


3. Video carriers used for 12-Channel typical performancesareT7—6; For 26-Channel typical performance, Channels 8, 9, 10 and 11 are added 
to the 22-Channel carriers listed above. 





MHW1134eMHW1224eMHW1244 MOTOROLA RF DEVICE DATA 
3-140 


MOTOROLA 
= SEMICONDUCTOR xx 
TECHNICAL DATA 


The RF Line 
450 MHz CATV Amplifier 


. designed for broadband applications requiring low distortion characteristics. Specified 


for use as a CATV trunk-line amplifier. Features ion-implanted arsenic emitter transistors 12.5 dB GAIN 
with 7.0 GHz fT, and an all gold metallization system. Ben peel 
e Specified for 53- and 60-Channel Performance CATV TRUNK AMPLIFIER 





e Broadband Power Gain — @ f = 40-450 MHz 
Gp = 12.5 dB (Typ) 


e Broadband Power Gain — @ f = 40-450 MHz 
Gp = 12.5 dB (Typ) 


e Broadband Noise Figure — @ f = 450 MHz 
NF = 7.0 GB (Typ) 


e Superior Gain, Return Loss and DC Current Stability with Temperature 





ABSOLUTE MAXIMUM RATINGS 


RF Voltage Input (Single Tone) 
























DC Supply Voltage | Vdc | 
Operating Case Temperature Range —20 to +100 
Storage Temperature Range [tag | 0x10 —«| 
ELECTRICAL CHARACTERISTICS > Veo = 24 Vde, Tc = +30°C, 75 Q system unless otherwise noted) 
Return Loss — Input/Output 40-450 MHz IRL/ORL 
(Zo = 75 Ohms) 
Second Order Intermodulation Distortion 
(Vout = +46 dBmvV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmvV per ch., Ch 2, M13, M22) 
Cross Modulation Distortion 53-Channel FLAT XMD53 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT XMDé60 
Composite Triple Beat 53-Channel FLAT pal 
(Vout = +46 dBmV per ch.) 60-Channel FLAT CTBéo 


Noise Figure 
(f = 450 MHz) 


DC Current 


DIN (European Applications Only)* 
300 MHz — (CH V+Q-P @ W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 ~ M22 @ M21) 





MOTOROLA RF DEVICE DATA MHW5122A 
3-141 


*DIN (European Applications Only) 


NCTA Channel Frequency 
Designation (MHz) 


P 
Q 
Vv 
W (Ref.) 


M8 
Mg 
M14 (Ref.) 
M15 


M20 
M21 (Ref.) 
M22 
M23 


** DIN (dBuV) = Reference Channel Level (dBmV) +60 dB 
















DIN Output Level DIN Beat Level 
(dBmV)** (Typ) dB Relative to Ref. Ch. 
+59 
+59 
+65 aks 
+65 
+58 
+58 
+64 S500 
+64 
+63 
+63 
+57 a8 
+57 














MHW5122A MOTOROLA RF DEVICE DATA 
3-142 


MOTOROLA 
= SEMICONDUCTOR [os 
TECHNICAL DATA 


The RF Line 
450 MHz CATV Amplifier 


. .. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 


4 dB GAIN 
emitter transistors with 7.0 GHz ff and an all gold metallization system. ‘ i MHz 
e Specified for 60-Channel Performance 60-CHANNEL 
* Broadband Power Gain— @ f = 40-450 MHz ee RUPEE 
Gp = 14 dB (Typ) @ 50 MHz 





14.5 dB (Min) @ 450 MHz 


e Broadband Noise Figure @ 450 MHz 
NF = 7.0 dB (Max) 


Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 
e 7.0 GHz lon-Implanted Transistors 








ABSOLUTE MAXIMUM RATINGS 









Return Loss — Input/Output 
(Zo = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmvV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmvV per ch., Ch2, M13, M22) 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 53-Channel FLAT 
60-Channel FLAT 


Composite Tripie Beat 
(Vout = +46 dBmvV per ch.) 53-Channel FLAT 
60-Channel FLAT 


DIN (European Applications Only)* dBpv** 
300 MHz — (CH V + Q-P @ W) 127 
400 MHz — (CH M8 + M1i5— M9 @ M14) 126 
450 MHz — (CH M20 + M23 —- M22 @ M21) 125 


[NosoRgue(aasomna SS SSSCSC*~“C~iCSCiNCSCdTC CT oO 
Poccurent SSS ne | to [eo fm 





MOTOROLA PF DEVICE DATA MHW5142A 
3-143 


*DIN (European Applications Only) 


NCTA Channel DIN Ouput Level DIN Beat Level 
Designation (dBmv)**(Typ) dB Relative to Ref. Ch. 
+59 +61 
+59 +61 d 
+65 +67 Sa 
+65 +67 
+58 +60 
+58 +60 
+64 +66 ae 
+64 +66 
+63 +65 
+63 +65 
+57 +59 “noe 
+57 +59 











W (Ref.) 


M8 
M9 
M14 (Ref.) 













M20 
M21 (Ref.) 








**DIN (dBpV) = Reference Channel Level (dBmV) +60 dB 





MHW5142A MOTOROLA RF DEVICE DATA 
3-144 


MOTOROLA 
= SEMICONDUCTOR x 
TECHNICAL DATA 


The RF Line 
450 MHz CATV Amplifier 


. .. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 


17 dB GAIN 
emitter transistors with 7.0 GHz fT and an all gold metallization system. fs sara 
e Specified for 53- and 60-Channel Performance 60-CHANNEL 
* Broadband Power Gain— @ f = 40-450 MHz CE INES UOUIEUT 


TRUNK AMPLIFIER 





Gp = 17.4 dB (Typ) 


e Broadband Noise Figure 
NF = 7.0 dB (Max) 


e Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 
e 7.0 GHz lon-Implanted Transistors 





ABSOLUTE MAXIMUM RATINGS 
Rating 


A079 00 C 
Characters [Symbol 


Frequency Range 

Power Gain — 50 MHz 

Power Gain — 450 MHz 
Slope 

Gain Flatness (Peak To Valley) 


Return Loss — Input/Output 40-450 MHz IRL/ORL 
(Zo = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +50 dBmvV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT XMDs53 
(Vout = +46 dBmV per ch.) 60-Channel FLAT XMD¢0 


Composite Triple Beat 53-Channel FLAT CTBs53 
(Vout = +46 dBmV per ch.) 60-Channel FLAT CTBéo 


DIN (European Applications Only)* 
300 MHz — (CH V+Q-P @ W) 
400 MHz — (CH M8 + M15 —M9 @ M14) 
450 MHz — (CH M20 + M23 —- M22 @ M21) 


Noise Figure (f = 450 MHz) 
DC Current loc 


Ti 





MOTOROLA RF DEVICE DATA MHW5172A 
3-145 


*DIN (European Applications Only) 
NCTA Channel 
Designation 
P 
Q 


v 
W (Ref.) 


M8 
Mg 
M14 (Ref.) 
M15 


M20 
M21 (Ref.) 
M22 
M23 


**DIN (dBpV) = Reference Channel Level (dBmV) +60 dB 





DIN Output Level DIN Beat Level 
(dBmV)**(Typ) dB Relative to Ref. Ch. 
+61 
+61 
+67 <-60 
+67 
+60 
+60 
+66 +o 
+66 
+65 
+65 
+59 <-60 
+59 




































MHW5172A MOTOROLA RF DEVICE DATA 
3-146 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
450 MHz CATV Amplifier 


. .. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 


18 dB GAIN 
emitter transistors with 7.0 GHz ff and an all gold metallization system. 450 MHz 
e Specified for 53- and 60-Channel Performance 60-CHANNEL 
* Broadband Power Gain — @ f = 40-450 MHz See AarER 
Gp = 18.2 dB (Typ) @ 50 MHz 





19.0 dB (Typ) @ 450 MHz 


e Broadband Noise Figure 
NF = 6.5 dB (Max) 


e Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 
e 7.0 GHz lon-lmplanted Transistors 













ABSOLUTE MAXIMUM RATINGS 
es 











Operating Case Temperature Range 
Storage Temperature Range ~40 to +100 


Characteristic | Symbol | 














Power Gain — 450 MHz 


Gain Flatness (Peak To Valley) 


Return Loss — Input/Output 40-450 MHz IRL/ORL 
(Zo = 75 Ohms) 










Second Order Intermodulation Distortion 
(Vout = +46 dBmvV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
















DIN (European Applications Only)* dBuv** 
DIN1 
DIN2 
450 MHz — (CH M20 + M23 ~ M22 @ M21) DINS 


Cross Modulation Distortion 53-Channel FLAT XMDs3 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT XMD60 
Composite Triple Beat 53-Channel FLAT CTBs53 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT CTBéo 
300 MHz — (CH V+Q-P @ W) 
400 MHz— (CH M8 + M15 —M9 @ M14) 
Poccurent SSCSC*«dSC | | 20 








MOTOROLA RF DEVICE DATA MHW5182A 
3-147 


*DIN (European Applications Only) 


NCTA Channel Frequency DIN Output Level DIN Beat Level 
Designation (MHz) (dBmV)**(Typ) dB Relative to Ref. Ch. 


P +60 
Q +60 
Vv +66 =e 
W (Ref.) +66 


< 

M8 +60 
Mg +60 

M14 (Ref.) +66 ne 
M15 +66 
+65 
+65 

: +59 S200 
+59 





**DIN (dBuV) = Reference Channel Level (dBmV) +60 dB 





MHW5182A MOTOROLA RF DEVICE DATA 
3-148 


MOTOROLA 


= SEMICONDUCTOR Sa 


TECHNICAL DATA 


The RF Line 

60-Channel (450 MHz) & 
77-Channel (550 MHz) 
CATV Low Noise Amplifiers 


. ..designed specifically for up to 550 MHz CATV systems as input amplifiers in trunk and 
line extender applications. Both amplifiers feature ion-implanted, arsenic emitter 
transistors with 8.0 GHz fT and an all gold metallization system. 
e Specified for 60/77-Channel Performance 
e Broadband Power Gain — @ f = 40 ~ 550 MHz 
Gp = 18.5 dB Typ @ 50 MHz 
19.1 dB Typ @ 450 MHz 
19.5 dB Typ @ 550 MHz 
e Broadband Noise Figure 
NF = 4.5 dB Typ — MHW5183 
5.0 dB Typ — MHW6183 
e Superior Gain, Return Loss and DC Current Stability with Temperature 


MAXIMUM RATINGS 









MHW5183 
MHW6183 


18 dB GAIN 
450/550 MHz 
60/77 CHANNEL 
LOW NOISE 
CATV AMPLIFIERS 








—30 to +100 


—30 to +100 


Characteristic 


Frequency Range MHW5183 
MHW6183 


Power Gain 50 MHz 


450 MHz 
550 MHz 


Slope MHW5183 
MHW6183 
Gain Flatness (Peak To Valley) MHW5183 an, 


MHW6183 


Input/Output Return Loss MHW5183 IRW/ORL 
MHW6183 


Composite Second Order MHW5183; Vout = +46 dBmV/ch 
MHW6183; Vout = +44 dBmV/ch 


Cross Modulation Distortion 
(Vout = +46 dBmV/ch, 60-Channel FLAT) MHW5183 XMD¢0 
(Vout = +44 dBmV/ch, 77-Channel FLAT) MHW6183 XMD77 
Composite Triple Beat 
(Vout = +46 dBmV/ch, 60-Channel FLAT) MHW5183 CTBgéo 
(Vout = +44 dBmV/ch, 77-Channel FLAT) MHW6183 CTB77 


Noise Figure f =50 MHz NF 
MHW5183 ~—s f= 450 MHz 
MHW6183 = f = 550 MHz 


DC Current Ipc 


MOTOROLA RF DEVICE DATA 





MHW5183eMHW6183 
3-149 


MOTOROLA 


= SEMICONDUCTOR Se 
TECHNICAL DATA 


MHW5185B 
The RF Line MHW6185B 
High Output Doubler 450/550/600 MHW6185-6 


Motorola Preferred Devices 


MHz CATV Amplifier Modules 


The MHW5185B, MHW6185B, and MHW6185-6 are designed specifically for 18 dB GAIN 
450/550/600 MHz CATV applications. Features ion-implanted arsenic emitter transistors 450/550/600 MHz 
and an all gold metallization system. 60/77/87-CHANNEL 
¢ 5th Generation Die Technology CATV AMPLIFIERS 
Specified for 60/77/87-Channel Performance 
Broadband Power Gain — @ f = 40-550 MHz 

Gp =.18.5 dB Typ @ 50 MHz 

19.2 dB Typ @ 450 MHz 

19.5 dB Typ @ 550 MHz 

19.8 dB Typ @ 600 MHz 
e Broadband Noise Figure 

NF = 4.5 dB Typ @ 50 MHz 
= 6.5 dB Typ @ 600 MHz 

e {improvement in Distortion Over Conventional Hybrids 
e Allows Higher Output Level Operation 



















ABSOLUTE MAXIMUM RATINGS 


Rg 
a 
a A ET 
[Operating Case TonperatreRarge Cd | OO 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +30°C, 75 2 system unless otherwise noted) 


Characteristic _Semeot_| in 


Frequency Range MHW5185B, 
MHW6185B 
MHW6185-6 


Power Gain 50 MHz All 
450 MHz MHW5185B 
550 MHz MHW6185B 
600 MHz MHW6185-6 














Slope 40-450 MHz MHW5185B 
40-550 MHz MHW6185B 
40-600 MHz MHW6185-6 


Gain Flatness (Peak To Valley) MHW5185B 
MHW6185B 
MHW6185-6 


Return Loss — Input/Output (Zg = 75 Ohms) 40-450 MHz MHWS5185B IRUORL 
40-550 MHz MHW6185B 
40-600 MHz MHW6185-6 


Composite Second Order CS060/77/87 
60 ch, (Vout = +46 dBmvV) MHW5185B 
77 ch, (Vout = +44 dBmvV) MHW6185B 
87 ch, (Vout = +44 dBmvV) MHW6185-6 -60 


Preferred devices are Motorola recommended choices for future use and best overall value. 





(continued) 





MHW5185BeMHW6185BeMHW6185-6 MOTOROLA RF DEVICE DATA 
3-150 


ELECTRICAL CHARACTERISTICS — continued (Vcc = 24 Vdc, Tc = +30°C, 75 Q system unless otherwise noted) 


[| Symbo! [Min | Typ _| Max | Unk | 


Cross Modulation Distortion XMD60/77/87 
~-70 -67 
-78 -68 
-70 —-66 


(60 ch, Vout = +46 dBmV @ Fm = 55 MHz) MHW5185B 
(77 ch, Vout = +44 dBmV @ Fm = 55 MHz) MHW6185B 
CTB60/77/87 

-68 a4 

~66 

-62 me 

550 MHz MHW6185B 75 

600 MHz MHW6185-6 8.0 


(87 ch, Vout = +44 dBmV @ Fm = 55 MHz) MHW6185-6 



















Signal-to-Triple Beat Noise 
(60 ch, Vout = +46 dBmvV) MHW5185B, 
(77 ch, Vout = +44 dBmV) MHW6185B 
(87 ch, Vout = +44 dBmvV) MHW6185-6 


450 MHz MHW5185B, 













Noise Figure 














MOTOROLA RF DEVICE DATA MHW5185BeMHW6185BeMHW6185-6 
3-151 


MOTOROLA 
= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
High Output Doubler 
450 MHz CATV Amplifier 


. . designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 20 hata 
emitter transistors with 6.0 to 8.0 GHz ff and an all gold metallization system. 60-CHANNEL 
24 Supply Voltage CATV AMPLIFIER 





e 4th Generation Die Technology 
e Specified for 60-Channel Performance 


e Broadband Power Gain — @ f = 40-450 MHz 
Gp = 20 GB (Typ) @ 50 MHz 
22 dB (Typ) @ 450 MHz 


e Broadband Noise Figure 
NF = 6.5 dB (Typ) 


e Improvement in Distortion Over Conventional Hybrids 
e Allows Higher Output Level Operation 


CASE 714, STYLE 1 





ABSOLUTE MAXIMUM RATINGS 


Rating [ Symbor_[_—vae ———=«[_—iunit_—| 
RF Voltage Input (Single Tone) ee Oe 
DC Supply Voltage ee | 
Storage Temperature Range ae 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = +25°C, 75 Q system unless otherwise noted) 


Characteristic 





Frequency Range 


Power Gain 50 MHz 
450 MHz 


Slope 


Gain Flatness (Peak to Valley) een Bs 


Return Loss — Input/Output (Zp = 75 Ohms) 40-450 MHz IRL/ORL 


Cross Modulation Distortion XMD¢0 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 


Composite Triple Beat 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 


CTBeo 
Noise Figure 50 MHz 
450 MHz 


DC Current (Vpc = 24 £0.5 Vde, To = 30°C) 





Composite Second Order — Intermodulation Distortion CSO¢0 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 





MHW5205 MOTOROLA RF DEVICE DATA 
3-152 


MOTOROLA 
= SEMICONDUCTOR 2 
TECHNICAL DATA 


The RF Line 
450 MHz CATV Amplifier 


. . . designed for broadband applications requiring low distortion characteristics. 
Specifically intended for CATV market requirements. Features ion-implanted arsenic 


emitter transistors with 7.0 GHz fT, and an all gold metallization system. ar a 
e Broadband Power Gain— @ f = 40-450 MHz 60-CHANNEL 


Gp = 22 dB (Typ) CATV TRUNK AMPLIFIER 


e Broadband Noise Figure — @ f = 40-450 MHz 
NF = 4.5 dB (Typ) 


e Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 
e 7.0 GHz lon-Implanted Transistors 













ABSOLUTE MAXIMUM RATINGS 
[ating Yabo [ve 


ee 
[Rovere eowRe—SSCSC~dCO 
[PovorGan—aeoe—SSCSC*dC 
eee hal 
ae 
































Gain Flatness (Peak To Valley) 


Return Loss — Input/Output 40-450 MHz IRUORL 
(Zp = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmv, Ch 2, M6, M15) 
(Vout = +44 dBmV, Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT XMD53 
(Vout = +46 dBmV) 60-Channel FLAT XMD¢0 


Composite Triple Beat 53-Channel FLAT CTBs3 
(Vout = +46 dBmV) 60-Channel FLAT CTBeo 

DIN (European Applications Only) 
300 MHz — (CHV +Q-~P @ W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 


450 MHz — (CH M20 + M23 — M22 @ M21) 


Noise Figure 
(f = 450 MHz) 


NF 
DC Current 
















MOTOROLA RF DEVICE DATA MHW5222A 
3-153 


*DIN (European Applications Only) 


NCTA Channel Frequency DIN Output Level DIN Beat Level 
—— (MHz) (dBmV)**(Typ) dB Relative to Ref. Ch. 


" —_ 5. <_- 
+59 
+59 
+65 5 
+65 














id (Ref.) 

M15 
+64 
+64 


M20 

M21 (Ref.) 
+58 
+58 








M22 
M23 


**DIN (dByV) = Reference Channel Level (dBmV) +60 dB 





MHW5222A MOTOROLA RF DEVICE DATA 
3-154 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
High Output Doubler 
450 MHz CATV Amplifier 


22 dB GAIN 
... designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 450 MHz 
emitter transistors with 6.0 to 8.0 GHz f7 and an all gold metallization system. 60-CHANNEL 
+ 24 V Supply Voltage CATV AMPLIFIER 





« 4th Generation Die Technology 
e Specified for 60-Channel Performance 


e Broadband Power Gain — @ f = 40-450 MHz 
Gp = 22 dB (Typ) @ 50 MHz 
23 dB (Typ) @ 450 MHz 


e Broadband Noise Figure 
NF = 4.5 dB (Typ) 


e Improvement in Distortion Over Conventional Hybrids 
e Allows Higher Output Level Operation 





ABSOLUTE MAXIMUM RATINGS 
1 
















Operating Case Temperature Range —20 to +100 
Storage Temperature Range —40 to +100 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Ta = + 25°C, 75 Q system unless otherwise noted) 
ee Sc 
1.8 













Power Gain 50 MHz 21.4 22.0 22.6 
22.3 23.0 23.7 
ah 
Gain Flatness (Peak To Valley) | | 


Return Loss — Input/Output (Zp = 75 Ohms) 40-450 MHz IRL/ORL 
Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion XMDg0 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 





ae 
[eas | 
= 
psf eo 
5 





Composite Triple Beat CTBeo 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 
Noise Figure 450 MHz 








MOTOROLA RF DEVICE DATA MHW5225 
3-155 


MOTOROLA 


= SEMICONDUCTOR xs 
TECHNICAL DATA 


The RF Line 
450 MHz CATV Amplifier 


. .. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 


emitter transistors with 7.0 GHz fT and an all gold metallization system. fond Av 

e Specified for 53- and 60-Channel Performance 60-CHANNEL 

* Broadband Power Gain — @ f = 40-450 MHz CATV LINE EXTENDER 
Gp = 27 dB (Typ) AMPLIFIER 





e Broadband Noise Figure 
NF = 5.0 dB (Typ) 


e Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 


¢ 7.0 GHz lon-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 

[ating Sab [va 

y 
[2010100 | 






in 
DC Supply Voltage 
Operating Case Temperature Range -20 to +100 
Storage Temperature Range —40 to +100 


CASE 714, STYLE 1 





Gain Flatness (Peak To Valley) 


Return Loss — Input/Output 40-450 MHz 
(Zp = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmvV per ch., Ch 2, M6, M15) 


(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT 
(Vout = +46 dBmV) 60-Channel FLAT 


Composite Triple Beat 53-Channel FLAT 
(Vout = +46 dBmvV) 60-Channel FLAT 


DIN (European Applications Only) 
300 MHz — (CH V+Q-P @ W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 


Noise Figure 
(f = 450 MHz) 


DC Current 








MHW5272A MOTOROLA RF DEVICE DATA 
3-156 


*DIN (European Applications Only) 


NCTA Channel 
Designation 


P 

Q 

Vv 

W (Ref.) 
M8 

Mg 


M14 (Ref.) 
M15 


M20 
M21 (Ref.) 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) +60 dB 








DIN Output Level DIN Beat Level 
(dBmV)**(Typ) dB Relative to Ref. Ch. 
+60 
+60 
+66 Sa 
+66 
+59 
+59 
+65 AEE 
+65 
+64 
+64 
+58 ==00 
+58 






















MOTOROLA RF DEVICE DATA MHW5272A 
3-157 


MOTOROLA 


= SEMICONDUCTOR SERRE 
TECHNICAL DATA 


The RF Line 
450 MHz CATV Amplifier 


. .. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 


emitter transistors with 7.0 GHz fT and an all gold metallization system. epee 

e Specified for 53- and 60-Channel Performance 60-CHANNEL 

e Broadband Power Gain — @ f = 40-450 MHz CATV LINE EXTENDER 
Gp = 34.5 dB Typ @ 50 MHz AMPLIFIER 





35.5 dB Typ @ 450 MHz 


e Broadband Noise Figure 
NF = 5.0 dB (Typ) 


Superior Gain, Return Loss and DC Current Stability with Temperature 
All Gold Metallization 
7.0 GHz lon-Impianted Transistors 


ABSOLUTE MAXIMUM RATINGS 
es 
seensernes 


Characteristic 
Frequency Range 
Power Gain — 50 MHz 
Power Gain — 450 MHz 
Slope 
Gain Flatness (Peak To Valley) 
Return Loss — Input/Output 40-450 MHz 


(29 = 75 Ohms) 


Second Order intermodulation Distortion 
(Vout = +46 dBmvV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


Cross Modulation Distortion 53-Channel FLAT 
(Vout = +46 dBmv) 60-Channel FLAT 


Composite Triple Beat 53-Channel FLAT 
(Vout = +46 dBmvV) 60-Channel FLAT 


DIN (European Applications Only) 
300 MHz — (CH V+Q-P @ W) 
400 MHz — (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 — M22 @ M21) 


Noise Figure 
(f = 450 MHz) 


DC Current 








MHW5342A MOTOROLA RF DEVICE DATA 
3-158 


*DIN (European Applications Only) 


NCTA Channel Frequency DIN Output Level DIN Beat Level 
Designation (MHz) (dBmv)**(Typ) dB Relative to Ref. Ch. 

Pp +60 

Q +60 

Vv +66 Soe 

W (Ref.) +66 

M8 +59 

Mg +59 

M14 (Ref) +65 oe 
+65 
+64 
+64 
+58 ae 
+58 









M15 


M20 
M21 (Ref.) 
M22 
M23 


**DIN (dBuV) = Reference Channel Level (dBmV) +60 dB 




















MOTOROLA RF DEVICE DATA MHW5342A 
3-159 


MOTOROLA 
= SEMICONDUCTOR ox 
TECHNICAL DATA 


The RF Line 
450 MHz CATV AMPLIFIER 


. .. designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 


emitter transistors with 7.0 GHz f7 and an all gold metallization system. on a 
e Specified for 53- and 60-Channel Performance 60-CHANNEL 


¢ Broadband Power Gain — @ f = 40-450 MHz CATV LINE EXTENDER 
Gp = 38 dB (Typ) AMPLIFIER 


e Broadband Noise Figure 
NF = 4.0 dB (Typ) 


e Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 
e 7.0 GHz lon-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Smoot [vais [ont] 
een 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +30°C, 75 © system unless otherwise noted) 







CASE 714, STYLE 1 






















DIN (European Applications Only) 
300 MHz — (CH V + Q-P @ W) 
400 MHz— (CH M8 + M15 — M9 @ M14) 
450 MHz — (CH M20 + M23 —- M22 @ M21) 
Noise Figure 
(f = 450 MHz) 


Characteristic [Symbor [Min | [Unit] 
a 
Gain Feines Peak To vale a 
Return Loss — Input/Output 40-450 MHz IRLU/ORL. 
(Zp = 75 Ohms) 
Second Order intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) -78 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) -72 
Cross Modulation Distortion 53-Channel FLAT XMDs53 
(Vout = +46 dBmvV) 60-Channel FLAT XMDg60 
Composite Triple Beat 53-Channel FLAT CTBs3 
(Vout = +46 dBmV) 60-Channel FLAT CTBeo 





MHW5382A MOTOROLA RF DEVICE DATA 
3-160 


*DIN (European Applications Only) 












NCTA Channel Frequency DIN Output Level DIN Beat Level 
Designation (MHz) (dBmV)**(Typ) dB Relative to Ref. Ch. 
P +59 
Q is +59 
Vv +65 se 
W (Ref.) +65 
















M8 +58 
M9 +58 pee 
M14 (Ref.) +64 “ 





M15 +64 


+57 
+57 
+63 
+63 












M21 (Ref.) 
M22 
M23 







**DIN (dBuV) = Reference Channel Level (dBmV) +60 dB 








MOTOROLA RF DEVICE DATA MHW5382A 
3-161 


MOTOROLA 
= SEMICONDUCTOR xox 
TECHNICAL DATA 


The RF Line 
550 MHz CATV AMPLIFIER 


. .. designed specifically for 550 MHz CATV applications. Features 


ion-implanted arsenic emitter transistors with 7.0 GHz fT and an all gold rae 
metallization system. 77-CHANNEL 
¢ Specified for 77-Channel Performance CATV INPUT/OUTPUT 
° Broadband Power Gain— @ f = 40-550 MHz THUNE AMEOHED 





Gp = 12.5 dB (Typ) @ 50 MHz 
13 dB (Min) @ 550 MHz 


e Broadband Noise Figure @ 550 MHz 
NF = 8.5 dB (Max) 


e Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 
e 7.0 GHz lon-Implanted Transistors 





ABSOLUTE MAXIMUM RATINGS 


Symbor [value | 
RF Voltage Input (Single Tone) dBmv 
DC Supply Voltage 


Storage Temperature Range —40 to +100 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, To = +30°C, 75 Q system unless otherwise noted) 


[SC Gharncwrnte —dYCb 
[FemenoyRageSSSCSC*dC 
[PoverGan—some——SSSCSCSC~dCC 
[PoverGan—seowie——SSSSCSC~dC 

neal 


Rating 


















Gain Flatness (Peak To Valley) 


Return Loss — Input/Output 40-550 MHz IRL/ORL 


Second Order intermodulation Distortion peel 
XMDgo0 
XMD77 
(Vout = +46 dBmV) 60-Channel FLAT 


(Vout = +46 dBmV, Ch 2, M13, M22) 
(Vout = +44 dBmvV, Ch 2, M30, M39) 
Cross Modulation Distortion 
CTBe0 
(Vout = +44 dBmvV) 77-Channel FLAT CTB77 
Noise Figure NF 
(f = 550 MHz) 
DC Current 

















(Vout = +46 dBmvV) 60-Channel FLAT 
(Vout = +44 dBmv) 77-Channel FLAT 


Composite Triple Beat 



















MHW6122 MOTOROLA RF DEVICE DATA 
3-162 


MOTOROLA 


= SEMICONDUCTOR Ss 
TECHNICAL DATA 


The RF Line 
550 MHZ CATV Amplifier 


. . designed specifically for 550 MHz CATV applications. Features ion-implanted arsenic 





emitter transistors with 7.0 GHz f7 and an all gold metallization system. vee 
e Specified for 77 Channel Performance 77-CHANNEL 
e Broadband Power Gain — @ f = 40-550 MHz CATV INPUT/OUTPUT 
Gp = 14 dB (Typ) @ 50 MHz TRUNK AMPLIFIER 
14.5 dB (Min) @ 550 MHz 
e Broadband Noise Figure 










NF = 7.5 dB (Max) 
Superior Gain, Return Loss and DC Current Stability with Temperature 
All Gold Metallization 
7.0 GHz lon-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage p veo | et 


Operating Case Temperature Range —20 to +100 a) 












Storage Temperature Range 








Gain Flatness (Peak To Valley) 


Return Loss — Input/Output 40-550 MHz IRL/ORL 
(Zo = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmvV per ch., Ch 2, M30, M39) 
Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 60-Channel FLAT XMDg0 
(Vout = +44 dBmV per ch.) 77-Channel FLAT XMD77 
Composite Triple Beat 
(Vout = +46 dBmV per ch.) 60-Channel FLAT CTBgo 
(Vout = +44 dBmvV per ch.) 77-Channel FLAT adit 


Noise Figure 
(f = 550 MHz) 


DC Current 








MOTOROLA RF DEVICE DATA MHW6142 
3-163 


MOTOROLA 


= SEMICONDUCTOR xox 
TECHNICAL DATA 


The RF Line 
77-Channel (550 MHz) CATV 
Input/Output Trunk Amplifier 


17 dB GAIN 
. .. designed specifically for 550 MHz CATV applications. Features ion-implanted arsenic 550 MHz 
emitter transistors with 7 GHz f7 and an all gold metallization system. 77-CHANNEL 
e Specified for 77-Channel Performance CATV AMPLIFIER 





e Broadband Power Gain — @ f = 40-550 MHz 
Gp = 17.2 dB (Typ) 


e Broadband Noise Figure — @ f = 550 MHz 
NF = 6 GB (Typ) 


e Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 
e 7 GHz lon-Impianted Transistors 























ABSOLUTE MAXIMUM RATINGS 


Syba 
To 


Gain Flatness (Peak To Valley) 


Return Loss — Input/Output 40-550 MHz 
(Zo = 75 Ohms) 


Second Order Intermodulation 
(Vout = +46 dBmvV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmvV per ch., Ch 2, M30, M39) 


Cross Modulation Distortion 


(Vout = +46 dBmvV per ch.) 60-Channel FLAT 
(Vout = +44 dBmvV per ch.) 77-Channel FLAT 
Composite Triple Beat Noise : 
(Vout = +46 dBmV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 
Noise Figure 450 MHz 


550 MHz 
DC Current 





MHW6172 MOTOROLA RF DEVICE DATA 
' 3-164 


MOTOROLA 


= SEMICONDUCTOR Sn 
TECHNICAL DATA 


The RF Line 
550 MHz CATV Amplifier 


. . designed specifically for 550 MHz CATV applications. Features ion-implanted arsenic 


emitter transistors with 7.0 GHz ff, and an all gold metallization system. 18 dB GAIN 
es 550 MHz 
¢ Specified for 77 Channel Performance 77-CHANNEL 
e Broadband Power Gain — @ f = 40-550 MHz CATV INPUT/OUTPUT 
Gp = 18.2 dB (Typ) @ 50 MHz TRUNK AMPLIFIER 





18.8 dB (Min) @ 550 MHz 


Broadband Noise Figure @ 550 MHz 
NF = 7.0 dB (Max) 


Superior Gain, Return Loss and DC Current Stability with Temperature 
All Gold Metallization 
7.0 GHz lon-Implanted Transistors 














e 


ABSOLUTE MAXIMUM RATINGS 


Rating Symbol 
RF Voltage Input (Single Tone) 


| vin | 
DC Supply Voltage | Voc | 
Ete 


Operating Case Temperature Range 












—20 to +100 
-40 to +100 





Storage Temperature Range 


| ow 
Paar 
Pe _| 
nee ae] 


(Zo = 75 Ohms) 


Second Order Intermodulation Distortion 
(Vout = +46 dBmvV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 


Return Loss — Input/Output 40-550 MHz IRL/ORL 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 60-Channel FLAT XMD¢0 
(Vout = +44 dBmvV per ch.) 77-Channel FLAT XMD77 
Composite Triple Beat 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT CTBeo 
(Vout = +44 dBmvV per ch.) 77-Channel FLAT sib 


Noise Figure 
(f = 550 MHz) 


DC Current 





MOTOROLA RF DEVICE DATA MHW6182 
3-165 


MOTOROLA 
= SEMICONDUCTOR Soo 
TECHNICAL DATA 


The RF Line 
550 MHz CATV AMPLIFIER 


. .. designed specifically for 550 MHz CATV applications. Features ion-implanted arsenic 


emitter transistors with 7.0 GHz fT and an all gold metallization system. 22 pio iral 
¢ Specified for 77-Channel Performance 77-CHANNEL 
¢ Broadband Power Gain— @ f = 40-550 MHz CATV INPUT/OUTPUT 


Gp = 22 dB (Typ) @ 50 MHz TRUNK AMPLIFIER 
22 dB (Min) @ 550 MHz 


e Broadband Noise Figure @ 550 MHz 
NF = 6.0 dB (Max) 


¢ Superior Gain, Return Loss and DC Current Stability with Temperature 
All Gold Metallization 
e 7.0 GHz lon-implanted Transistors 





CASE 714, STYLE 1 





ABSOLUTE MAXIMUM RATINGS 


















PO Rating Symbol | Unt 
DG Supply Vohage 
Storage Temperature Range 





ee 


Retum Loss — Input/Output IRL/ORL 
(Zp = 75 Ohms) 40-550 MHz 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +46 dBmvV per ch., Ch 2, M30, M39) 


Cross Modulation Distortion 
(Vout = +46 dBmv per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Composite Triple Beat 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT 
(Vout = +44 dBmV per ch.) 77-Channel FLAT 


Noise Figure 
(f = 550 MHz) 





MHW6222 MOTOROLA RF DEVICE DATA 
3-166 


MOTOROLA 
= SEMICONDUCTOR 2s 
TECHNICAL DATA 


The RF Line 
77-Channel (550 MHz) CATV 
Line Extender Amplifier 


27 dB GAIN 
e Specified for 60- and 77-Channel Performance 550 MHz 
i 77-CHANNEL 
e Broadband Power Gain — @ f = 40-550 MHz 
Gp = 27 dB (Typ) CATV AMPLIFIER 





e Broadband Noise Figure 
NF = 6 dB (Typ) @ 550 MHz 


e Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 
¢ 7 GHz fT lon-Implanted Transistors 











MAXIMUM RATINGS 
Rating 





























Power Gain 50 MHz 


550 MHz = 


Gain Flatness (Peak To Valley) 


Return Loss — Input/Output (Z5 = 75 Ohms) 40-450 MHz 
450-550 MHz 











Second Order intermodulation Distortion 
(Vout = +48 dBmV per ch., Ch 2, 13, R) 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmvV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 


Cross Modulation Distortion @ Ch 2 








(Vout = +46 dBmV per ch.) 53-Channel FLAT 
60-Channel FLAT 
(Vout = +44 dBmV per ch.) 70-Channel FLAT 


77-Channel FLAT 






Composite Triple Beat 


(Vout = +46 dBmV per ch.) 53-Channel FLAT 
60-Channel FLAT 
(Vout = +44 dBmV per ch.) 70-Channel FLAT 
77-Channel FLAT 





Noise Figure 550 MHz 
DC Current 





MOTOROLA RF DEVICE DATA MHW6272 
3-167 


MOTOROLA 


= SEMICONDUCTOR sox 
TECHNICAL DATA 


The RF Line 
77-Channel (550 MHz) 
CATV Amplifier 


34 dB GAIN 
. . . designed specifically for 550 MHz CATV applications. Features ion-implanted 550 MHz 
arsenic emitter transistors with 7 GHz fT and an all gold metallization system. 77-CHANNEL 
e Specified for 77-Channel Performance CATV AMPLIFIER 





e Broadband Power Gain — @ f = 40-550 MHz 
Gp = 34.5 dB (Typ) @ 50 MHz 
35 dB (Min) @ 550 MHz 


e Broadband Noise Figure @ 550 MHz 
NF = 5.5 dB (Typ) 


e Superior Gain, Return Loss and DC Current Stability with Temperature 
e All Gold Metallization 
¢ 7 GHz lon-Implanted Transistors 















ABSOLUTE MAXIMUM RATINGS 
a 

dmv 
Operating Case Temperature Range 
Storage Temperature Range 









































Frequency Range 





[Powerdem OM | Ps [ss [| 
[soe CSC~“~*~*~*~*~*~é~*dCSC*S*~C*d ae ae eee 
Gain Fanos (Peak To Vale) ee ee 
Return Loss — Input/Output 40-550 MHz | IRL/ORL 
(Zp = 75 Ohms) 450-550 MHz 
Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) -75 
(Vout = +44 dBmvV per ch., Ch 2, M30, M39) -70 
Cross Modulation Distortion 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT | XMDg6o - 
(Vout = +44 dBmV per ch.) 77-Channel FLAT XMD77 -57 
Composite Triple Beat 
(Vout = +46 dBmvV per ch.) 60-Channel FLAT CTBeo -60 - 
(Vout = +44 dBmV per ch.) 77-Channel FLAT CTB77 -58 -57 
a 








MHW6342 MOTOROLA RF DEVICE DATA 
3-168 


MOTOROLA 
= SEMICONDUCTOR xox 
TECHNICAL DATA 


MHW7182 


The RF Line MHW8182 


110-Channel (750 MHz), 128-Channel | MHW9182 


Motorola Preferred Devices 


(860 MHz) & 152-Channel (1000 MHz) 
CATV Amplifier Ss 18 dB GAIN 





750/860/1000 MHz 
The MHW7182, MHW8182, and MHW9182 are designed specifically for up to 1000 110/128/152 CHANNEL 
MHz CATV systems as output amplifiers in trunk and line extender applications. These CATV AMPLIFIERS 
amplifiers feature ion-implanted, arsenic emitter transistors and an all gold metallization 


system. 

¢ Specified for 110/128/152-Channel Performance 

e Broadband Power Gain — @ f = 40-1000 MHz 
Gp = 18.2 dB Min @ 750, 860 & 1000 MHz 


e Broadband Noise Figure 
NF = 5.5 dB Typ — MHW7182 
6.0 dB Typ — MHW8182 
6.5 dB Typ — MHW9182 
e Superior Gain, Return Loss and DC Current Stability with Temperature 


e All Gold Metallization 





MAXIMUM RATINGS 


~20 to +100 
~—40 to +125 


+28 
+70 





Frequency Range MHW7182 
MHWs8182 
MHWw9182 


Power Gain 50 MHz All 
750 MHz MHW7182 
860 MHz MHW8182 
1000 MHz + MHW9182 


Gain Flatness (Peak To Valley) 


MHW7182, MHW8182 
MHW9182 


Derate Return Loss @ f > 40 MHz MHW7182 
MHW8182 
(Ref = 20 dB @ 40 MHz) MHWw9182 


Composite Second Order 
(Vout = +40 dBmV/ch; 110 Channels) MHW7182 CSO110 
(Vout = +38 dBmV/ch; 128 Channels) MHW8182 CSO128 
(Vout = +38 dBmV/ch; 152 Channels) MHW9182 CSO459 





(continued) 


Preferred devices are Motorola recommended choices for future use and best overall value. 





MOTOROLA RF DEVICE DATA MHW7182eMHW8182eMHW9182 
3-169 


ELECTRICAL CHARACTERISTICS — continued (Vcc = 24 Vde; To ='+30°C, 75 ohm system, unless otherwise noted) 


Cross Modulation Distortion 


(Vout = +40 dBmV/ch, 110-Channel @ Fm = 55.25 MHz) 
(Vout = +38 dBmV/ch, 128-Channel @ Fm = 55.25 MHz) 
(Vout = +38 dBmV/ch, 152-Channel @ Fm = 55.25 MHz) 


Composite Triple Beat 


(Vout = +40 dBmV/ch, 110-Channels, Worst Case) 


(Vout = +38 dBmV/ch, 128-Channels, Worst Case) 
(Vout = +38 dBmV/ch, 152-Channels, Worst Case) 


MHW7182eMHW8182eMHW9182 
3-170 


f= 50 MHz 
f= 750 MHz 
f = 860 MHz 
f= 1000 MHz 


MHW7182 
MHW8182 
MHW9182 


MHW7182 
MHW8182 
MHwe9182 


MHW7182 
MHW8182 
MHW9182 


XMD1410 
XMD128 








MOTOROLA RF DEVICE DATA 


MOTOROLA 


= SEMICONDUCTOR 
TECHNICAL DATA 


MHW9002-1 
The RF Line MHW9002:-2 


- MHW9002-3 
UHF GaAs FET Power Amplifiers MHW9002-4 


Designed for use in a wide variety of telecommunications equipment, including portable Motorola Preferred Devices 
cellular applications, satellite cellular applications, gateways and satellite stations. All 
MHW9002 Series modules are capable of wide power range control (30 dB typical), 





operate from a 5.8 volt supply and require only 5 mW of RF input power. 31.5 dBm 

- os 824 to 925 MHz 
Fe TEENY - HIGH EFFICIENCY 
e Specified 5.8 Volt Characteristics: RF POWER 


RF Input Power — 5.0 mW (7 dBm) AMPLIFIERS 
RF Output Power — 1.41 W (31.5 dBm) 
Minimum Gain — 24.5 dB 
Minimum Efficiency — 55% 
Harmonics — —30 dBc Max @ 2 fp 

50 Ohm Input/Output impedances 

e Guaranteed Stability and Ruggedness 


e Epoxy Glass Substrate Eliminates Possibility of Substrate Fracture 













MAXIMUM RATINGS (Range Temperature = 25°C) 





ELECTRICAL CHARACTERISTICS (Vpp1 <5.8 Vdc, Vpp2 = 5.8 Vue, Vaqi = Vaq2 =—4.0 Vde, Pout=31.5 dBm for MHW9002-1, -2, 
-4; Vop1 $6.0 Vdc, Vpp2 = 6.0 Vdc, Vqaqi = VaG2 = —4.0 Vde, Pout = 32 dBm for MHW9002-3; Pin = 7 dBm; Tc = +25°C, 50 ohm system, 
unless otherwise noted) 


Frequency Range MHW9002-1 
MHWw9002-2 
MHW9002-3 
MHW9002-4 


Output Power, Low Voltage (Tc =-30 to +80°C, Vpp1=Vpp2=5.0Vde) | Poutt —_| 


Paamene) CC‘ 


NOTE: (continued) 
1. Adjust Vpp1 for Specified Poyt, Vpp1 = 5.8 Vde Max for MHW9002-1, -2, & -4. Vpp1 = 6.0 Vde Max for MHW9002-3. 





Preferred devices are Motorola recommended choices for future use and best overall value. 


MOTOROLA RF DEVICE DATA MHW9002-1eMHW9002-2eMHW9002-3eMHW9002-4 
3-171 





ELECTRICAL CHARACTERISTICS — continued (Vpp; < 5.8 Vdc, Vpp2 = 5.8 Vdc, Vaa1 = Vaq2 =—4.0 Vde, Pout = 31.5 dBm for 
MHW9002-1, -2, -4; Vpp1 < 6.0 Vde, Vppe = 6.0 Vde, Vaqi = Vaae2 = —4.0 Vde, Pout = 32 dBm for MHW9002-3; Pin = 7 dBm; 
Tc = +25°C, 50 ohm system, unless otherwise noted) 


Noise Power (In 20 kHz Bandwidth, 45 MHz Above fo, 
Vpp2 = 5 to 7 Vde, Vppi = 0 to 5.8 Vde) 


Noise Power (in 20 kHz Bandwidth, 45 MHz Above fo, 
Vppe2 = 5 to 7 Vde, Vpp1 = 0 to 5.8 Vde, Tc = -30°C to To = +80°C) 


Stability (Vpp1 = 0 to 7 Vde, Pin = 4 to 10 dBm, All Spurious Outputs 
Vpp2 = 4.5 to 8 Vde, Load VSWR = 3:1, more than 60 dB 
All Phase Angles at Frequency of Test) Below Desired Signal 


Load Mismatch Stress (Vpp2 = 8 Vdc, Pout = 31.5 dB Load No Degradation 
VSWR = 20:1, All Phase Angles at Frequency of Test) (2) in Output Power 
Before and After Test 





NOTE: 
2. Adjust Vpp1 for Specified Poyt, Vpp1 = 8.0 Vde Max for MHW9002-1, -2, -3, & -4. 















MHW9002 INTERNAL DIAGRAM 


Output 

Power Spectrum 
Input” Reflected Meter Analyzer 
Power Power 


Meter Meter 


20 dB 
Attenuator 























20 dB Dual Directional Vopt Vpp2 20 dB Dual Directional 
Coupler 0-+5.8V -4.0V +5.8V Coupler 
@ 50 mA @2mA @375mA 
(Typical) (Typical) (Typical) 
Power 
10 dB : see 
: PF Signal Termination . 
pried Generator 
enuanon C1, 2,3, 4-0.018 pF 
C5, 6, 7— 1.0 nF (tant.) 
C8, 9, 10-0.1 pF 
Z1, Z2 — 50 Q Microstrip 
*Module input power is forward power as sampled by the directional coupler and 
read on the input power meter. 
Figure 1. UHF Power Module Test Circuit Diagram 
MHW39002-1 eMHW9002-2eMHW39002-3eMHW9002-4 MOTOROLA RF DEVICE DATA 


3-172 


TYPICAL CHARACTERISTICS 


MHW9002-1 ; MHW9002-2 


Po, OUTPUT POWER (dBm) 


Po, OUTPUT POWER (dBm) 





Vpp1, CONTROL VOLTAGE (VOLTS) Vpp1. CONTROL VOLTAGE (VOLTS) 
Figure 2. Output Power versus Control Voltage Figure 5. Output Power versus Control Voltage 
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Po, OUTPUT POWER (dBm) Po, OUTPUT POWER (dBm) 
Figure 3. Efficiency versus Output Power Figure 6. Efficiency versus Output Power 
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f, FREQUENCY (MHz) {, FREQUENCY (MHz) 
Figure 4. Output Power, Efficiency, Figure 7. Output Power, Efficiency, 
Input Return Loss versus Frequency Input Return Loss versus Frequency 
MOTOROLA RF DEVICE DATA MHW9002-1eMHW9002-2eMHW9002-3eMHW9002-4 


3-173 


Po, OUTPUT POWER (dBm) 


1 EFFICIENCY (%) 


Pout, OUTPUT POWER (dBm) 


TYPICAL CHARACTERISTICS 


MHW9002-3 


Cr 
access =--s0 
ae cece 
cdeseees anne 
f| 

FS ol 
i a i i 
Re ebes sp etal 
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Figure 8. Output Power versus Control Voltage 
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Figure 9. Efficiency versus Output Power 
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Figure 10. Output Power, Efficiency, Input Return 
Loss versus Frequency 
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Figure 11. Output Power versus Control Voltage 
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Figure 12. Efficiency versus Output Power 
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Figure 13. Output Power, Efficiency, Input Return 
Loss versus Frequency 
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APPLICATIONS INFORMATION 


Mounting Considerations 

For the MHW9002 Series module, mounting is done by 
soldering the four “feet” to a suitable heatsink. This can be 
done with a low temperature solder such as 52% In, 48% Sn 
and type “R” flux which liquifies below 150°C. Under no cir- 
cumstances should the MHW9002 Series modules be 
heated to a temperature greater than 165°C (temperature of 
the flange proper). Internal: construction of the module has 
been achieved using 36% tin, 62% lead, and 2% silver solder 
which liquifies at about 180°C. Also, remember that the mod- 
ules are NOT hermetic. 


Nominal Operation 

All electrical specifications are based on the nominal 
conditions of Vpp1 $5.8 Vdc, Vpp2= 5.8 Vde, Vaai1,2=—-4 
Vde, and Poyt equal to 31.5 dBm (Vppe2 = 6.0 Vdc, Vpp1 < 
6.0 Vdc, VGG1, 2=—-4 Vde and Poyt equal to32.0 dBm forthe 
MHW9002-3). While the modules are designed to have ex- 
cess gain margin with ruggedness, operation of these units 
outside the published specifications is not recommended un- 
less prior communications regarding intended use have 
been made with a factory representative. 


Gain Control 

The module output power should be limited to specified 
value. The preferred method of power control is to fix Vpp2 = 
5.8 Vdc (Pin 5) (6.0 Vde for the MHW9002-3) and Vaqi1, 2= 
~4 Vdc (Pins 2, 4), Pin (Pin 1) at 5 mW, and vary Vppi (Pin 3) 
voltage. 


Decoupling 

External decoupling networks are recommended to ensure 
stable operation of the device. Pins 2, 3, 4, and 5 are internal- 
ly bypassed with a 1000 pF chip capacitor. Additional exter- 
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nal decoupling is recommended as shown in Figure 1. 
Inadequate decoupling will result in spurious outputs at cer- 
tain operating frequencies and certain phase angles of input 
and output VSWR. 


Handling Considerations 

GaAs FETs are more sensitive to electrostatic discharge 
(ESD) than Si bipolar transistors. Therefore, steps should be 
taken in handling GaAs products to prevent damage. The 
use of ground straps, grounded breakers and test equipment 
is strongly recommended. 


Soldering Leads 

Be sure the soldering iron is grounded. Temperature of the 
iron should not exceed 350°C. Apply heat to a lead to be sol- 
dered for not more than 5 seconds. 


Load Mismatch 

During final test each module is load mismatch tested in 
a fixture having the identical decoupling networks described 
in Figure 1. Electrical conditions are Vpp2 = 8.0 Vdc and 
VG@G1, 2=—4 Vdc, Pin at 5 mW, and Vpp1 set for 31.5 dBm 
output power (32.0 dBm for the MHW9002-3), and VSWR 
equal to 20:1. 


Biasing and Use Considerations 

In all cases, RF input power should not be applied until the 
bias voltages have been applied, and RF input power should 
be turned off prior to removing the bias voltages. Bias ap- 
plication should be timed such that gate voltage (V@qi, 2) is 
always applied before the drain voltages (Vpp), and, when 
returning to the standby mode, gate voltage should only be 
removed once the drain voltages have been removed. 
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MRFA2600 


The RF Line 
Broadband RF Array for 
TV Transmitter 


The MRFA2600 is a solid state class A amplifier and is specifically designed for TV 25 W, Picea, MHz 
transposers and transmitters. This amplifier incorporates microstrip technology and RF POWER AMPLIFIER 
reliable Motorola push-pull transistors. : 


e Specified 26.5 Volts, 470-860 MHz Characteristics 
Output Power — 25 Watts Min @ 1 dB Comp. (CW) 
Gain — 10.5 dB Min (Small Signal) 


e Suitable for 28 Volts Application 
e 50 Input and Output Impedance 













MAXIMUM RATINGS 





ee 
ee 
~ 
°C 


[e+ fo _| 


Supply Transposer Application Voc = 26.5 V Isup = 3.8 A 
Transmitter Application Voc =28V leup=36A 


Intermodulation (-8 dB/-16 dB/-10 dB, Pref = 20 W) 
intermodulation (~8 dB/—-16 dB/-7 dB, Pref = 20 W) 
Input Return Loss 


NOTE: 
1. Temperature is measured at temperature test point (on the flange of the transistor). 
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Figure 1. Test Circuit Components View 
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MOUNTING RECOMMENDATIONS 


HEATSINK TOOLING 





© 9 Fixing holes M3 
Minimum useful depth: — Copper/Aluminum: 6 mm 


THERMAL COMPOUND 


e Paste with silicones: SICERONT KF Ref. 1201 Recommended. 

e Thickness: Optimum between 0.06 mm and 0.15 mm, on the whole 
back surface of the amplifier. 
(Typical volume: 700 mm 3 for 0.1 mm thickness) 
(Equivalent weight: 1.5g for 2.2 density paste). 


SCREWS 
e Socket head cap screws: CHC MS x 10 for Copper/Aluminum Heatsink. 
e Material: Nickel plated steel. 


WASHERS 


e Split lock washers WZ @3 + Flat washers ZU @3. 
© Split lock washers WZ @3 + Flat washers ZU @3. 


MRFA2600 
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TECHNICAL DATA 


MRFA2602 


The RF Line 
Broadband RF Power 
Amplifier for TV Transmitter 


The MRFA2602 is a solid state class A amplifier and is specifically designed for TV 60 W, al moar MHz 
transposers and transmitters. This amplifier incorporates microstrip technology and RF POWER AMPLIFIER 
reliable Motorola push-pull transistors. 


e Specified 25.5 Volts, 470-860 MHz Characteristics 
Output Power — 40 Watts @ —50 dB (3 Tones) 
Output Power — 60 Watts Min @ 1 dB Comp. (CW) 
Gain — 9 dB Min (Small Signal) 









MAXIMUM RATINGS 


NOMINAL OPERATION CONDITION (Tc = 60°C) 


Supply Voc = 25.5 V Isup = 9.2 A 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Nominal Supply, 470-860 MHz Bandwidth, unless otherwise noted) 
Characteristic 





NOTE: 
1. Temperature is measured at temperature test point (on the flange of the transistor). 
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Gp, POWER GAIN (dB) 


IMD, INTERMODULATION (dB) 
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f, FREQUENCY (MHz) 


TYPICAL CHARACTERISTICS 


Pout = 100 mW 





Figure 1. Power Gain versus Frequency 
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Figure 3. Intermodulation versus Frequency 
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Figure 2. Gain Compression versus Frequency 


TEST CONDITIONS: VIDEO SIGNAL 


DIFF. Gain, 10 Steps 


Channel 61 
VoE = 25.5 V 


Igup = 9.2 A 
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Pout = 55 W Pout = 80 W 


Figure 4. Differential Gain 
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MOUNTING RECOMMENDATIONS 





HEATSINK TOOLING 
© 9 Fixing holes M3 
Minimum useful depth: — Iron: 4 mm 
— Copper/Aluminum: 6 mm 
® 4 Cavities @5 
Minimum depth: 1 mm 
THERMAL COMPOUND 3 





e Paste with silicones: SICERONT KF Ref. 1201 Recommended. 

e Thickness: Optimum between 0.06 mm and 0.15 mm, on the whole 
back surface of the amplifier. 
(Typical volume: 680 mm 3 for 0.1 mm thickness) 
(Equivalent weight: 1.5g for 2.2 density paste) 


SCREWS 
e Socket head cap screws: — CHC M3 x 8 for Iron Heatsink. 
— CHC M$ x 10 for Copper/Aluminum Heatsink. 
e Material: Nickel plated steel. 
WASHERS 
© Split lock washers WZ @3 + Flat washers ZU 23. 
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MOUNTING RECOMMENDATIONS (continued) 


TIGHTENING ORDER 


INPUT OUTPUT 





Recommended Torque: 12 Kg.cm (10.5 in. Ibs.) 


MOUNTING VERIFICATION ; 
Supply the amplifier (25.5 Vdc) without RF signal, and measure temperature on points 1, 2, 3, and 4. 










ee 
a 
a a 


A(T1, T2), A(TS, T4) 





CLEANING 


RF Transistors are not hermetic, so DO NOT clean the amplifier in a solvent bath. 
Local cleaning is recommended. 





MRFA2602 MOTOROLA RF DEVICE DATA 
3-182 


MOTOROLA 


= SEMICONDUCTOR Ss 


TECHNICAL DATA 


The MRFIC Line 
900 MHz Downconverter 
(LNA/Mixer) 


The MRFIC2001 is an integrated downconverter designed for receivers operating in the 
800 MHz to 1.0 GHz frequency range. The design utilizes Motorola's advanced MOSAIC 
3 silicon bipolar RF process to yield superior performance in a cost effective monolithic 
device. Applications for the MRFIC2001 include CT-1 and CT-2 cordless telephones, 
remote controls, video and audio short range links, low cost cellular radios, and ISM band 
receivers. A power down control is provided to minimize current drain with minimum 
recovery/turn-on time. 


e Conversion Gain = 23 dB (Typ) 

e Supply Current = 4.7 mA (Typ) 

e Power Down Supply Current = 2.0 1A (Max) 
e Low LO Drive =—10 dBm (Typ) 

e LO Impedance Insensitive to Power Down 

e No Image Filtering Required 

e No Matching Required for RF IN Port 

e All Ports are Single Ended 

e Available in Tape and Reel 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 
Rating 
Supply Voltage 
Control Voltage 
Input Power, RF and LO Ports 
Operating Ambient Temperature 
Storage Temperature 


Pin Connections and Functional Block Diagram 


Preferred devices are Motorola recommended choices for future use and best overall value. 











MRFIC2001 


Motorola Preferred Device 


900 MHz 
DOWNCONVERTER 
LNA/MIXER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


& 


CASE 751 
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RECOMMENDED OPERATING RANGES 


ENABLE 
7 
ELECTRICAL CHARACTERISTICS (Vcc, ENABLE = 3.0 V, Ta = 25°C, RF @ 900 MHz, LO @ 1.0 GHz, Pg =-7.0 dBm, 
IF @ 100 MHz unless otherwise noted) 

Characteristic (1) 





Supply Current: On-Mode 

Supply Current: Off-Mode (ENABLE < 1.0 Volts) 
ENABLE Response Time 

Conversion Gain 

Input Return Loss (RF IN Port) 

Single Sideband Noise Figure 


Input 3rd Order Intercept Point 

Output Power at 1.0 dB Gain Compression 
LO — RF Isolation (1.0 GHz) 

LO - IF Isolation (1.0 GHz) 

RF — IF Isolation (900 MHz) 

RF — LO Isolation (900 MHz) 


NOTE: 
1. All Electrical Characteristics measured in test circuit schematic shown in Figure 1 below: 





RF IN 





C1, C2, C4, C7 — 100 pF Chip Capacitor L3— 150 nH Chip Inductor 

C3, C5, C8 — 1000 pF Chip Capacitor RF Connectors — SMA Type 

C6 — 6.8 pF Chip Capacitor Board Material — 0.025” Thick Duroid, 

L1— 8.2 nH Chip Inductor 0.062” Copper Clad, 0.5 oz. Copper, €; = 10.2 


L2— 270 nH Chip Inductor 


Figure 1. Test Circuit Configuration 
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Figure 3. Conversion Gain versus RF Frequency 
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Figure 4. Conversion Gain versus RF Frequency 





Table 1. Port Reflection Coefficients 
(ENABLE = 3.0 V, Zo = 50 Q, Ta = 25°C) 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 





\oc: SUPPLY CURRENT (mA) 





ENABLE, ENABLE VOLTAGE (VOLTS) 


Figure 12. Supply Current versus Enable Voltage 
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Figure 13. Supply Current versus Enable Voltage 


APPLICATIONS INFORMATION 
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Design Philosophy 


The MRFIC2001 was designed for low cost, small size, 
and ease of use. This is accomplished by minimizing the 
number of necessary external components. 

The most significant external component eliminated was 
an image filter between the LNA and mixer. It was found the 
ensuing image noise entering the mixer from the LNA could 
be minimized by optimizing the LNA input termination at the 
image frequency. Also, a double-balanced mixer was used to 
reject the IF noise from the LNA. This results in excellent LO 
and spurious rejection. 

To eliminate the need for external baluns or decoupling 
elements, the unused LO and RF ports of the mixer are de- 
coupled internally. Only one of the IF outputs is used, elimi- 
nating the need for an extemal balun on the IF port as well. 
Also, the LNA input is matched to 50 ohms internally. Exter- 
nal matching is required for the LO and IF ports. 
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To minimize current drain in various TDD/TDMA systems, 
the MRFIC2001 has a TTL/CMOS compatible enable pin. 


Theory of Operation 

Optimizing the LNA input termination to minimize image 
noise is quite simple. The optimum LNA input (RF IN pin) ter- 
mination is 1230° at the image frequency (regardless of 
what the image frequency is). A reflection coefficient magni- 
tude close to 1 is automatically obtained from a front-end fil- 
ter, since the image frequency would be in the stop-band. 
The 30° phase angle can be obtained by rotating the phase 
angle of the front-end filter with a series 50 ohm transmission 
line. The dependance of single-sideband noise figure on the 
image phase angle is shown in Figure 11. As the plot indi- 
cates, there is a little over 1.0 dB of variation across all pos- 
sible phase angles for a 3.0 V supply. Therefore, setting the 
phase angle is not critical. At higher supply voltages setting 
the phase angle is more critical (and more rewarding). 
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Matching the LO port to 50 ohms can be done several 
ways. The recommended approach is a series inductor as 
close to the IC as possible. The inductor value is small 
enough (~8-15 nH depending on LO frequency) to be 
printed on the board. A DC block is required and should not 
be placed between the inductor and IC since this will prevent 
the inductor from being close enough to the IC to provide a 
good match. 

The IF port is an open collector resulting in a very high out- 
put impedance. For optimum linearity (IP3), the IF port should 
be loaded with a 1000 ohm load-line. Since the output re- 
quires a bias inductor and blocking capacitor, the IF filter im- 
pedance can be transformed to 1000 ohms with these two 
elements. If a low output VSWR is desired (to reduce IF filter 
ripple), a 2.0—4.0 K ohm resistor can be placed in parallel 


with the bias inductor. This will reduce the conversion gain by 
1.0—2.0 dB. 

The RF port is nearly 55 ohms resistive in series with a 
small amount of capacitive reactance, which results in a 
12-13 dB return loss. If a higher return loss is desired, a 
3.0—4.0 nH series inductor printed on the board as close to 
the IC as possible will improve it to over 20 dB. A DC block is 
also required. 

Supply decoupling must be done as close to the IC as pos- 
sible. A 1000 pF capacitor is recommended. An additional 
100 pF capacitor and an RF choke are recommended to 
keep the LO signal off the supply line. 

Enabling/Disabling the MRFIC2001 can be done with its 
TTL/CMOS compatible Enable pin. The trip point is between 
1.0 and 2.0 volts. 
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TECHNICAL DATA 


The MRFIC Line 
900 MHz Transmit Mixer 


The MRFIC2002 is a double-balanced, active mixer designed for transmitters operating 
in the 800 MHz to 1.0 GHz frequency range. The design utilizes Motorola’s advanced 
MOSAIC 3 silicon bipolar RF process to yield superior performance in a cost effective 
monolithic device. Applications for the MRFIC2002 include CT1 and CT2 cordless 
telephones, GSM, remote controls, video and audio short range links, low cost cellular 
tadios, and ISM band transmitters. A power down control is provided to minimize current 
drain with minimum recovery/turn-on time. 


e Conversion Gain = 10 dB (Typ) 

e Supply Current = 5.5 mA (Typ) 

e Power Down Supply Current = 2.0 LA (Max) 
e LO-RF Isolation = 25 dB (Typ) 

e Low LO Drive Required = —10 dBm (Typ) 

e LO Impedance Insensitive to Power Down 

e No Matching Required for RF OUT Port 

e All Ports are Single Ended 

e Available in Tape and Reel 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Vv 


PLO, PIF 
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MRFIC2002 


Motorola Preferred Device 


900 MHz TX-MIXER 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 


& 


CASE 751 
(SO-8) 





a 


Vde 
Vde 
+10 
65 050 


(1) For CT2 applications, apply ramp voltage provided in MRFIC2004. For non-CT2, leave open circuited. 


Pin Connections and Functional Block Diagram 





Preferred devices are Motorola recommended choices for future use and best overall value. 
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RECOMMENDED OPERATING RANGES 


a 
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ELECTRICAL CHARACTERISTICS (Vcc, Enable = 3.0 V and VRamp\") Open Circuited, P_o = —7.0 dBm, IF @ 100 MHz, LO @ 1.0 


GHz, RF @ 900 MHz, Ta = 25°C unless otherwise noted) 
Characteristio@) [ve | Max [Unit 
7.0 mA 
2.0 pA 


Supply Current: On-Mode 
Supply Current: Off-Mode (Enable < 1.0 V) 


Enable Response Time 
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IF-LO Isolation (100 MHz) 


NOTES: 
1. For CT2 applications, apply ramp voltage provided in MRFIC2004. For non-CT2, leave open circuited. 
2. All Electrical Characteristics are measured in test circuit schematic as shown in Figure 1. 
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C1, C3, C6 — 1000 pF Chip Capacitor L2— 10 nH Chip Inductor 


C2 — 6.8 pF Chip Capacitor L3 — 390 nH Chip Inductor 

C4 — 3.9 pF Chip Capacitor RF Connectors — SMA Type 

C5 — 100 pF Chip Capacitor Board Material — 0.025” Thick Duroid, 

C7 — 5.6 pF Chip Capacitor 0.062” Copper Clad, 0.5 oz. Copper, €, = 10.2 


L1— 270 nH Chip Inductor 


Figure 1. Test Circuit Configuration 
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Table 1. Deembedded Port Reflection Coefficients 
(Enable = 3.0 V, Zp = 50 Q, Ta = 25°C) 
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Po 1.0 dB, OUTPUT POWER (dBm) 





Pio, LO INPUT POWER (dBm) 


Figure 9. Output Power at 1.0 dB Gain Compression 
versus LO Input Power 





MRFIC2002 


MOTOROLA RF DEVICE DATA 
3-192 


Ioc, SUPPLY CURRENT (mA) 





Voc, SUPPLY VOLTAGE (V) 


Figure 10. loc versus Vcc 


Ic: SUPPLY CURRENT (mA) 





Ven, ENABLE VOLTAGE (V) 


Figure 11. lc¢¢ versus Enable Voltage 


APPLICATIONS INFORMATION 


Design Philosophy 

The MRFIC2002 was designed to have excellent LO and 
spurious rejection. This is accomplished by using a double- 
balanced configuration and using a symmetrical die layout. 

To eliminate the need for external baluns or decoupling 
elements, the unused LO and IF ports are decoupled inter- 
nally. Only one of the RF outputs is used, eliminating the 
need for an external balun on the RF port as well. Also, the 
RF port is buffered to provide a 50 ohm output impedance. 
External matching is required for the LO and IF ports. 

To minimize current drain in various TDD/TDMA systems, 
two methods of enabling/disabling the MRFIC2002 are pro- 
vided: one that is TTL/CMOS compatible and one that is trig- 
gered from a ramp, such as the one provided in the 
MRFIC2004. The former method must be used if a ramp is 
not available. The latter method is more desirable since the 
MRFIC2002 can remain off during guard times and while in 
idle mode. 


Theory of Operation 

Matching the LO port to 50 ohms can be done several 
ways. The recommended approach is a series inductor as 
close to the IC as possible. The inductor value is small 
enough (~8—-15 nH depending on LO frequency) to be 
printed on the board. A DC block is required and should not 
be placed between the inductor and IC since this will prevent 
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the inductor from being placed close enough to the IC to pro- 
vide a good match. 

The IF port is approximately 500 ohms resistive in parallel 
with 1.3 pF of capacitance. If 50 ohms is the desired IF port 
impedance, a shunt capacitor followed by a series inductor 
will provide the transformation. A DC block is required and 
can be placed on either side of the matching network. 

The RF port is nearly 50 ohms resistive in series with a 
small amount of inductive reactance, which results in an 
8-11 dB return loss. However, a series 5.6 pF capacitor 
placed as close to the IC as possible will typically provide 
greater than a 15 dB return loss. The series capacitor also 
serves as a DC block which is required. 

Supply decoupling must be done as close to the IC as pos- 
sible. A 1000 pF capacitor is recommended. An additional 
100 pF capacitor and an RF choke are recommended to 
keep the RF and LO signals off the supply line. 

For systems that use a ramp, like the one provided in the 
MRFIC2004, enabling/disabling can be done by applying the 
ramp voltage to the VRAMP pin which trips the IC between 0.6 
and 1.0 volts. The Enable pin must either be tied high or to 
the inverse of the receiver enable control line, RXEN. An in- 
verter is provided in the MRFIC2004 to invert RXEN. 

For systems that do not use a ramp, the VRAMP pin can be 
left open circuited and enabling/disabling the MRFIC2002 
can be done with its TTL/CMOS compatible Enable pin. The 
trip point is between 1.0 and 2.0 volts. 
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TECHNICAL DATA 


The MRFIC Line MRFIC2003 
900 MHz GaAs Antenna Switch Motorola Preferred Device 


The MRFIC2003 is an integrated GaAs SPDT Antenna Switch designed for 
transceivers operating in the 800 MHz to 1.0 GHz frequency range. The design utilizes 
Motorola’s CS-1 advanced GaAs RF process to yield superior performance in a cost Prvsedespe bonnie 
effective monolithic device. Applications for the MRFIC2003 include CT-2 and the ISM GaA 

s MONOLITHIC 
band cordless telephones. 


INTEGRATED CIRCUIT 
e Surface Mount SO-8 Package 
e Low Power Consumption 
e 50 mW Power Handling Capability 
e Single Source Low Operating Supply Voltage (2.8 — 6.0 Volts) 


e Low Cost 
e Available in Rape and Reel 
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ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 
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Pin Connections and Functional Block Diagram 





Preferred devices are Motorola recommended choices for future use and best overall value. 
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RECOMMENDED OPERATING RANGES 


Zo eee eee 

Supply Voltage Range VoD 2.8 to 6.0 
Ve 
Ve 


Nominal Impedance 


Value 
Control Voltage Range, Low | otmoe 
Frequency Range 100-1000 


ELECTRICAL CHARACTERISTICS (Vpp = 3.0 V, Ta = 25°C, f = 900 MHz, Pin = 50 mW (17 dBm) unless otherwise noted) 


Vde 
Vde 
Vde 
| Unit 
dB 
dB 
dB 
dB 
| sm _ | 


Eee) 
ee 
Contr Voltage Range, High veve | 28mso | ve 
ave) 
| Mie | 





RF1 to RF2 on: 
RF1 SWR 
RF2 VSWR 

Insertion Loss (RF1/RF2) 

Isolation 


RF1 to RF3 on: 
RF1 SWR 
RF3 SWR 

Insertion Loss (RF1/RF3) 

Isolation 17 


Input Power @ 1.0 dB Compression f — | 


NOTE: 
1. All Electrical Characteristics measured in test circuit schematic shown in Figure 1 below. 

















Table 1. Logic Table 





RF2 PORT 
50Q 


RF3 PORT 
50.Q 





Ci, C2, C3 — 100 pF 50 mil Chip Capacitor 

$1 — DPDT Switch with Aluminum Switch Bracket 

RF Connectors SMA Type 

Board Material — 0.025” Thick Duriod, 0.5 oz. Copper, €, = 10.2 


Figure 1. Test Circuit Configuration 
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TYPICAL CHARACTERISTICS 


@ 09 

8 RFA TO RF2 PORT PATH 

7 “00 
5 06 

& 

uu 

wo 

2 

= 


Vpp=3VTO6V 
Ta =-35°C TO +85°C 





0 300 600 900 1200 1500 
{, FREQUENCY (MHz) 


Figure 2. Insertion Loss versus Frequency 


RF1 TO RF2 PORTS ON 
Vpp, Ve=3VTO6V 
Ta = 35°C TO +85°C 


RL, RETURN LOSS (dB) 
SWR, STANDING WAVE RATIO 





1 
300 600 900 1200 1500 
{, FREQUENCY (MHz) 


Figure 4. RF1 Port Return Loss and SWR 
versus Frequency 


Vpp, Ve=3V TO6V 
Ta =-35°C TO +85°C 


RL, RETURN LOSS (dB) 





1 
0 300 600 900 1200 1500 
{, FREQUENCY (MHz) 


Figure 6. RF2 Port Return Loss and SWR 
versus Frequency : 
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ISO, ISOLATION (dB) 


RL, RETURN LOSS (dB) 


RL, RETURN LOSS (dB) 











Vpp=3VTO6V 
Ta =-38°C TO +85°C 


RF TO RF2 PORT PATH 
Ve=Vpp 
v- 


~ 


RF1 TO RF3 PORT PATH 
Ve = Vpp 


0 300 600 900 1200 1500 
f, FREQUENCY (MHz) 


Figure 3. Isolation versus Frequency 


RF1 TO RFS PORTS ON 
Vpp, Ve=3 VTO6V 
Ta =—35°C TO +85°C 


SWR, STANDING WAVE RATIO 


1 
0 300 600 1200 1500 
f, FREQUENCY He 


Figure 5. RF1 Port Return Loss and SWR 
versus Frequency 


— 
PS 


Vpp, Ve=3VT06V 
Ta =—35°C TO +85°C 


= ER Re B 
SWR, STANDING WAVE RATIO 


0 300 600 900 1200 7500 
f, FREQUENCY (MHz) 


Figure 7. RF3 Port Return Loss and SWR 
versus Frequency 
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TECHNICAL DATA 


The MRFIC Line 
900 MHz Driver and Ramp 


MRFIC2004 


Motorola Preferred Device 


The MRFIC2004 is an integrated Driver and Ramp designed for transmitters operating 


in the 800 MHz to 1.0 GHz frequency range. The Ramp is an integrator which can be used 
for burst control for TDD/TDMA systems. The Driver uses a cascode configuration for high 


. i" 7 : : recta awe 900 MHz DRIVER 
gain and reverse isolation. A power down control is provided to minimize current drain with & RAMP 
minimum recovery/turn-on time. Also, an on-board inverter is included to provide SILICON MONOLITHIC 
complementary control for an antenna switch, such as the MRFIC2003. The design INTEGRATED CIRCUIT 


utilizes Motorola’s advanced MOSAIC 3 silicon bipolar RF process to yield superior 





performance in a cost effective monolithic device. Applications for the MRFIC2004 include 


CT1 and CT2 cordless telephones, GSM, remote controls, video and audio short range 


links, low cost cellular radios, and ISM band transmitters. 
e Small Signal Gain = 21.5 dB (Typ) 
e Smail Signal Gain Control = 34 dB (Typ) 


¢ Po 1.0 dB =—1.0 dBm (Typ) 

e OnBoard Ramp for Burst Control 

e Power Down Supply Current = 0.7 mA (Typ) 

e Low Operating Supply Voltage (2.7 to 4.0 Volts) 
e Input/Output VSWR Insensitive to Gain Control 
e Available in Tape and Reel 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Supply Voltages 


Control Voltages 

Input Power, RF IN Port 
Operating Ambient Temperature 
Storage Temperature 





CASE 751B 








Voc2 


(GAIN CONTROL) 


Pin Connections and Functional Block Diagram 


Preferred devices are Motorola recommended choices for future use and best overall value. 
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RECOMMENDED OPERATING RANGES 


Supply Volage Ranges Vas 
Control Voltage Ranges Vdc 
Frequency Range Pt 800to 1000 
ELECTRICAL CHARACTERISTICS (Vcc1, Voce = 3.0 V, CINT = 2.0 nF, Ta = 25°C, f = 900 MHz, VConr = 1.3 V) 
Characteristics (1) 
Supply Current, TX EN High, RX EN Low 
Supply Current, TX EN Low, RX EN High 
Driver Characteristics (1) 
Gain (Small Signal) 
Gain Control (Small Signal) 
Power Out @ 1.0 dB Gain Compression 
Third Order Intercept Point (out) 
Reverse Isolation 





















Ramp Characteristics (1) 


Ramp Up Delay Time 
Rise Time 
Total Time 


Ramp Down Delay Time 
Fall Time 
Total Time 


LOGIC LEVELS (Vccj = 27 to 4.0 V, Ta = 25°C) 
RX EN & TX EN Input Voltage 


= 





High 


RX EN Output Voltage 
High 
Low 
NOTE: 
1. All electrical characteristics measured in test circuit schematic shown in Figure 1 below. 


8 


C1 C2 
so aang at 
C1, C7, C9 — 1000 pF Chip Capacitor Ci1 — 6.2 pF Chip Capacitor | RF Connectors — SMA Type 
C2, C5, C6, C10 — 100 pF Chip Capacitor 11 — 4.7 nH Chip Inductor Board Material — 0.025” Thick Duroid, 
C3 — 1.6 pF Chip Capacitor L2— 150 nH Chip Inductor 0.062” Copper Clad, 0.5 oz. Copper, €, = 10.2 
C\NT — 2000 pF Chip Capacitor R1 — 330 Q Chip Resistor 


Figure 1. Typical Biasing Configuration 
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Ff = 500 MHz 











Table 1. Small Signal Deembedded S Parameters 
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= 
3 
g 
Ey 2 
2 
3 : 
Ss co} 
3 
a 
{, FREQUENCY (MHz) Pin, INPUT POWER (dBm) 
Figure 4. Small Signal Gain versus Frequency Figure 5. Output Power versus Input Power 
= 
= 
a a 
= & Voct. Voc2=3V 
z2 Ft TX EN HIGH 
So > RX EN LOW 
oO a 
5 
ee 
Taz 25°C 2 
Veet Voc2=3V 
1 14 18 2.2 26 3 
Vcont, GAIN CONTROL VOLTAGE (V) Tq, AMBIENT TEMPERATURE (°C) 
Figure 6. Driver Gain versus Gain Control Voltage Figure 7. Supply Current versus Ambient 
Temperature 
3 
Ss 25 
o 
= 2 
al: 
g Vect, Voc2=3V 
s 15 CinT = 2 nF 
= [| DRIVER & PA 
= 1 L- TURNON — DRIVER & PA wy 
= A TURN OFF ES ai ol 
05 — 
Pe nenncems | || 
% 20 40 60 80 100 
ty & ty, RISE AND FALL TIME (1s) 
Figure 8. Ramp Voltage versus Rise & Fall Time 
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APPLICATIONS INFORMATION 


Design Philosophy 

The MRFIC2004 was designed as a support IC for a CT2 
chip-set. The other chips making up the chip-set are the 
MRFIC2001 downconverter, the MRFIC2002 transmit mixer, 
the MRFIC2003 antenna switch and the MRFIC2006 PA. A 
complete CT2 front-end solution requires a ramp for burst 
control, an inverter for complementary antenna switch control 
and gain control (or an attenuator) for the transmitter low 
power mode. In order to keep the other chips in the chip-set 
relatively general purpose, yet provide the system designer 
with an easily controlled solution, these functions were com- 
bined with a driver amplifier into one IC, the MRFIC2004. 


Theory of Operation 

The driver is a cascode design that exits the IC open- 
collector. Impedance matching must be done externally. 
Since the output requires a bias inductor and DC blocking ca- 
pacitor, the output’ can be matched with these two elements. 
To keep the driver unconditionally stable, it is recommended 
that a 300-400 ohm resistor be placed in parallel with the 
bias inductor as close to the IC as possible. Since the output 
impedance of the driver by itself is very high, the resistor sets 
the output impedance. The input can be matched with a se- 
ries inductor followed by a shunt capacitor. Alternatively, a 
series transmission line followed by a shunt capacitor can be 
used. A DC block is also required on the input. 

Gain control is provided to meet the CT2 low power mode 
requirement. The CT2 Common Air Interface specification re- 


quires the transmitter to be capable of dropping the output 
power by 16 + 4.0 dB. Although the driver has 34 dB of small 
signal gain control, it can be reduced by adding a resistor in 
series with the gain control pin. The value of the resistor de- 
pends on the logic levels being used and the amount of gain 
compression after the driver. Also, the amount of gain control 
is a function of the driver input power level. The input power 
should be kept less than —10 dBm to allow for sufficient gain 
control to achieve the low power mode. The gain control can 
also be used for PA output power trimming. However, this is 
not an efficient method. 

The ramp is an integrator which is used to slow down the 
driver and PA tum-on and turn-off times to reduce AM splat- 
ter. By applying a pulse waveform to the input, a linear ramp 
waveform is created at the output which is then applied to the 
current mirrors of the driver and PA. An external integrating 
capacitor is used so that the rise/fall time can be pro- 
grammed externally. A minimum value of 2.0—2.4 nF is need- 
ed to meet the CT2 Common Air Interface splatter 
specification. For non-TDD/TDMA systems the ramp reverts 
to an enable/disable function. 

The inverter is CMOS/TTL compatible and was included to 
provide complementary control for an antenna switch such 
as the MRFIC2003. By applying the receiver enable control 
line, RXEN, to the inverter the inverse RXEN will be created. 
RXEN and RXEN can then be used to control the 
MRFIC2003 antenna switch. 











MOTOROLA RF DEVICE DATA MRFIC2004 


3-201 


MOTOROLA 
= SEMICONDUCTOR ox 
TECHNICAL DATA 


The MRFIC Line MRFIC2006 
900 MHz 2 Stage PA Motorola Prtered Devic 


The MRF1IC2006 is an Integrated PA designed for linear operation in the 800 MHz to 1.0 
GHz frequency range. The design utilizes Motorola's advanced MOSAIC 3 silicon bipolar 





RF process to yield superior performance in a cost effective monolithic device. 900 MHz 2 STAGE PA 
Applications for the MRFIC2006 include CT-1 and CT-2 cordless telephones, remote SILICON MONOLITHIC 
controls, video and audio short range links, low cost cellular radios, and ISM band INTEGRATED CIRCUIT 
transmitters. 


e 50 Q Input and Output impedance 
e Typical Gain = 23 dB @ 900 MHz 
e Bias Current Externally Adjustable 


e Bias Pin can be used to Ramp or Disable 
e Class A or AB Linear Operation B 
e Unconditionally Stable 


e S0O-8 Leaded Plastic Package 
e Available in Tape and Reel 





CASE 751 
(SO-8) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C, Zp = 50 © unless otherwise noted) 


Supply Voltages 

Bias Voltage 

RF Output Power (Voce < 4.0 V) 
RF Output Power (Vcco > 4.0 V) 
RF Input Power 

Operating Ambient Temperature 
Storage and Junction Temperature 


Thermal Resistance, Junction to Case 


RF IN GND Voc1 
Pin Connections and Functional Block Diagram 





Preferred devices are Motorola recommended choices for future use and best overall value. 
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RECOMMENDED OPERATING RANGES 


Supply Voltage Ranges Voc. Vec2 
Bias Voltage Range 0 to 5.0 Vde 
RF Frequency Range | ft | _ 50010 1000 


Supply Current — Total 
Ioc1 


Ioc2 
| Bias 


Small Signal Gain 
Input Retum Loss, RF IN Port 
Output Return Loss, RF OUT Port 


NOTE: 
1. All electrical characteristics measured in test circuit schematic shown in Figure 1 below. 





RF IN 3 
00 a 





ui 


RF OUT 
50.Q 


Vec1 +9 
dt wa SE 
C1, C2 — 100 pF Chip Capacitor R1 — Resistor Optional 
C3, C5 — 1.0 nF Chip Capacitor RF Connectors — SMA Type 
C4 — 10 nF Chip Capacitor Board Material — 0.025” Thick Duroid, 
L1 — 150 nH Chip Inductor 0.062” 
L2— 10 nH-Chip Inductor Copper Clad 0.5 oz. Copper, € = 10.2 


Figure 1. Typical Biasing Configuration 
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TYPICAL CHARACTERISTICS 


G, GAIN (dB) 


f, FREQUENCY (MHz) 


Figure 2. Gain versus Frequency 











G, GAIN (dB) 


oo | | 
om 
Z| ~ SS 

| 





600 700 800 900 1000 
{, FREQUENCY (MHz) . 


Figure 3. Gain versus Frequency 











c oc 
= = 
= g 
— > 
5 5 
2 A 
-20 -15 -10 -5 0 5 
Pin, INPUT POWER (dBm) Pin, INPUT POWER (dBm) 
Figure 4. Output Power versus Input Power Figure 5. Output Power versus Input Power 
q g 
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8 8 
ac ~ 
i i 
ra 5 
oa 
z a 
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500 600 700 800 900 1000 
{, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 6. Input Return Loss versus Frequency Figure 7. Output Return Loss versus Frequency 
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REV ISO, REVERSE ISOLATION (dB) 


Po 1 dB, OUTPUT POWER AT 1 dB GAIN COMPRESSION 





TYPICAL CHARACTERISTICS 


-30 


=35 = 
Voct: Voce, Vbias = 2 Vee 






Pole 


-40 


45 


50. 
500 600 700 800 900 
f, FREQUENCY (MHz) 


1000 


Figure 8. Reverse Isolation versus Frequency 


17 


14 
Voc Voc2: Vbias = 3 V 
L 900 


600 700 800 1000 
{, FREQUENCY (MHz) 


Figure 10. Output Power at 1 dB Gain 
Compression versus Frequency 


1y, POWER ADDED EFFICIENCY (%) 





Pout, OUTPUT POWER (dBm) 


Figure 9. Power Added Efficiency versus 
Output Power 





Po 1 dB, OUTPUT POWER AT 1 dB GAIN COMPRESSION 


f, FREQUENCY (MHz) 


Figure 11. Output Power at 1 dB Gain 
Compression versus Frequency 








2 Vec1. Voo2=3V > 
3 Pin = 0 dBm 3 
3 é 
Vbias: BIAS VOLTAGE (V) Vbias BIAS VOLTAGE (V) 
Figure 12. Output Power versus Bias Voltage Figure 13. Output Power versus Bias Voltage 
MOTOROLA RF DEVICE DATA MRFIC2006 


3-205 


oct + loc, SUPPLY CURRENT (mA) 


TYPICAL CHARACTERISTICS 





20 
Vec1 Voc2=3V 
: 4 5 


0 1 2 3 
Vbias, BIAS VOLTAGE (V) 


Figure 14. Supply Current versus Bias Voltage 


Ipiag, BIAS CURRENT (mA) 


Ioct + |oc2, SUPPLY CURRENT (mA) 





Vbiag, BIAS VOLTAGE (V) 


Figure 15. Supply Current versus Bias Voltage 





Vbias: BIAS VOLTAGE (V) 


Figure 16. Bias Current versus Bias Voltage 


APPLICATIONS INFORMATION 


Design Philosophy 

The MRFIC2006 was designed for low cost and flexibility. 
Low cost was achieved by minimizing external components 
and using an SOIC package. Flexibility was achieved by al- 
lowing the bias current to be externally adjustable resulting in 
a broad range of output power capability. The bias pin can be 
ramped to reduce AM splatter in TDD/TDMA systems and 
can be used to trim the RF output power. 


Theory of Operation 

The input port is internally matched to 50 ohms. Return 
loss is typically 15-16 dB in the 800-1000 MHz range. The 
output port is nearly 50 ohms but is an open collector and 
therefore requires an external bias inductor. Using an RF 
choke will result in a 11-12 dB output return loss. However, a 
10 nH inductor will improve it to 15-20 dB. A 10 nH inductor 
is small enough in value to be printed on the board. DC 
blocks are required on the input and output. Values of 100 pF 
are recommended. 


MRFIC2006 
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Supply decoupling must be done as close to the IC as pos- 
sible. A 1000 pF capacitor is recommended. A series RF 
choke is recommended to keep the RF signal off the supply 
line. A 10 nF decoupling capacitor is recommended on the 
Vbias line but does not need to be very close to the IC. 

The Vpjas pin can be used several ways. Tying it directly to 
Vcc will maximize the bias current which will maximize linear- 
ity. Adding a series resistor will reduce the bias current which 
will improve efficiency. Figure 9 shows the efficiency versus 
output power with Vpias tied to Vcc. The series resistor will 
cause these curves to shift to the left. The RF output power 
can be trimmed by using a variable resistor. The Vpias pin can 
also be used to power down the IC or, in the case of TDD/ 
TDMA systems, to ramp the IC. By applying a linear ramp 
voltage, such as the one provided by the MRFIC2004, it has 
been demonstrated to meet the CT2 Common Air Interface 
splatter specifications. 

The MRFIC2006 is internally temperature compensated. 
For input powers of —5.0 to 0 dBm the output power tempera- 
ture variation is typically less than 0.2 dB from —35 to + 85°C. 





MOTOROLA RF DEVICE DATA 


MOTOROLA 


m@ SEMICONDUCTOR SS 
TECHNICAL DATA 


RFASOSOB 


The RF Line 
Broadband RF Array for 
TV Transmitter 
The RFA8090B is a solid state class AB amplifier and is specifically designed for TV 140 W, 470-860 MHz 
transposers and transmitters. This amplifier incorporates microstrip technology and CLASS AB 


reliable Motorola push-pull transistors. HS POWER AMPLETER 


e Specified 28 Volts, 470-860 MHz Characteristics 
Output Power — 95 Watts (CW) 
Output Power — 140 Watts (peak) 
Gain — 8 dB min (@ 95 Watts) 


e §0 Q Input and Output Impedance 













MAXIMUM RATINGS 





Operating Temperature (1) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Voc = 28 V, ICQ = 200 mA, unless otherwise noted) 


ee 
a 
FUNCTIONAL TESTS IN CW (SOUND) (Tc = 25°C, Vcc = 28 V, icq = 200 mA, unless otherwise noted) 

Characteristic 


Characteristic 


Peak Output Power (synch.) 
(Voc = 28 Vde, ICQ = 200 mA, f = 860 MHz) 


Peak Output Power (synch.) 
(Voc = 32 Vde, Icq = 100 mA, f = 860 MHz) 


NOTE: . 
1. Temperature is measured at temperature test point (on the flange of the transistor). 
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Gp, POWER GAIN (dB) 


85 







Ig, CURRENT (A) 


MAXIMUM AVERAGE OUTPUT POWER (CW) 
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TYPICAL CHARACTERISTICS 


f, FREQUENCY (MHz) 


Figure. 1. Power Gain versus Frequency 


Voc =28V 
Icq=0.2A 


{, FREQUENCY (MHz) 
Figure 3. Supply Current versus Frequency 


TRANSISTOR FLANGE TEMPERATURE (°C) 


Figure 5. Maximum Average Output Power 
versus Temperature 





eoandnae voor 
Icq=0.2A 
eres aan 


— 









"COMPRESSION (dB) 


Ry, RETURN LOSS (dB) 


MAXIMUM PEAK SYNCH. OUTPUT POWER (CW) 








Voc = 28 V 
Save 
= 100W 


{, FREQUENCY (MHz) 
Figure 2. Gain Compression versus Frequency 


| Voc =28V oN 
Icq=0.2A 
ae 


(eee La (ee ee ee ee 
me 


f, FREQUENCY (MHz) 
Figure 4. Input Return Loss versus Frequency 





TRANSISTOR FLANGE TEMPERATURE (°C) 


Figure 6. Maximum Peak Synch. Output Power 
(B/G Standard) versus Temperature 
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TYPICAL VIDEO CHARACTERISTICS 
TEST CONDITIONS: 
DIFF. Gain, 10 Steps 
Channel 61, 10% rest carrier 





VCE = 28 V 
Iq=0.2A 
% % 

- — 100 — — 100 — 

= - 70 — - 0 - 

= leg) —- 0 - 

- - 0 — - 0 - 

Pout = 75W Pout = 100 W Pout = 125 W 
Figure 7. Differential Gain 


MOUNTING RECOMMENDATIONS 


HEATSINK TOOLING 


e Planarity: Better than 0.03 mm 
e Roughness: Typical value 0.8 
° 6 fixing holes M3 





THERMAL COMPOUND 


e Paste with silicones: SICERONT KF Ref. 1201 Recommended. 

© Thickness: Optimum between 0.06 mm and 0.15 mm, on the whole back 
surface of the amplifier. 
(Typical volume: 215 mm 3 for 0.1 mm thickness) 
(Equivalent weight: 0.5g for 2.2 density paste). 


SCREWS 


e Socket head cap screws: CHC M3 x 10 for Copper/Aluminum Heatsink. 
e Material: Nickel plated steel. 


WASHERS 
© Split lock washers WZ @3 + Flat washers ZU 23. 
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MOUNTING RECOMMENDATIONS (continued) 
TIGHTENING ORDER 


RF OUTPUT 





RECOMMENDED TORQUE: 12 Kg.cm (10.5 in. Ibs) 


CLEANING 
Some components of the RFA8090B are not qualified for every kind of cleaning solvent; do not clean 
the amplifier in a solvent bath. Local cleaning is recommended. 
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TECHNICAL DATA 


RFA8180B 


The RF Line 
Broadband RF Array for 
TV Transmitter 
180 W C.W. (28 V) 


The RFA8180B is a solid state class AB amplifier and is specifically designed for TV 270 W P. SYNC. (32 V) 
transposers and transmitters. This amplifier incorporates microstrip technology and 470-860 MHz 
reliable Motorola push-pull transistors. RF POWER AMPLIFIER 


e Specified 28 Volts, 470-860 MHz Characteristics 
Output Power — 180 Watts (CW) 
Gain — 8 dB Min (@ 180 W) 


e 50 Q Input and Output Impedance 





MAXIMUM RATINGS 
a 
0 
a 
ea eae 
[7 



















Storage Temperature Range Tstg —40 to +100 ae 
Operating Temperature (1) | To —20 to +70 be Or) 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 28 V, Icq = 2 x 200 mA, unless otherwise noted) 


Instantaneous Bandwidth 
Input Return Loss 


a 
[FoverGanPoateow SS SSSCSC*dCC 
[aainFione Pou ieow ————SSSC~dC ie 
[ouput Power @ 1a Conpresin —————SSSS*dCCt | 


FUNCTIONAL TESTS IN VIDEO (standard black level) 


[Characteristic «YS 
Peak Output Power (synch.) 
(Voc = 28 Vdc) 
Peak Output Power (synch.) 
(Voc = 32 Vdc) 
NOTE: 
1. Temperature is measured at temperature test point (on the flange of the transistor). 
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TYPICAL CHARACTERISTICS 
CW — WIDEBAND 










: Hot tH 
4 Se | | 
3 a 1 
c n 
z € 
2 S 
Ss 8 
2 
a 
450 900 
f, FREQUENCY (MHz) f, FREQUENCY (MHz) 
Figure 1. Power Gain versus Frequency Figure 2. Gain Compression versus Frequency 


|5, CURRENT (A) 


IQ=04A 


MAXIMUM AVERAGE OUTPUT POWER (CW) 





Pout = 180 W 
Ld 
f, FREQUENCY (MHz) TRANSISTOR FLANGE TEMPERATURE (°C) 
Figure 3. Supply Current versus Frequency Figure 4. Maximum Average Output Power 
versus Temperature 


MAXIMUM PEAK SYNCH. OUTPUT POWER (CW) 





TRANSISTOR FLANGE TEMPERATURE (°C) 


Figure 5. Maximum Peak Synch. Output Power 
(B/G Standard) versus Temperature 
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TYPICAL VIDEO CHARACTERISTICS @ f = 860 MHz 





TEST CONDITIONS: 

DIFF. Gain, 10 Steps 

Channel 61 VIDEO SIGNAL 

VcE = 28 V 

IQ=04A 

% % 
7_ — 100 — —- 100 — = 
_ 90?) = - 9 — = 
~ —- 80 —- - 9 — fe 
5B mee - 0m - = 
= - 60 —- - 60 — = 
<' —- 50 —- - 50 -— = 
= a 40 mn AQ sa 
= - 0 —- - 9 - = 
x - 20 - - 20 —-— a 
= - 0 - - 0 — — 
Pout = 160 W Pout = 200 W Pout = 225 W 


Figure 6. Differential Gain 





Figure 7. RFA8180B Amplifier 
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APPLICATIONS INFORMATION 





@ 2 Cavities 25 
Minimum depth: 1 mm 


HEATSINK TOOLING 
© 8 Fixing holes M3 
Minimum useful depth: 6 mm 
MOUNTING RECOMMENDATIONS 
THERMAL COMPOUND 


© Paste with silicones: SICERONT KF Ref. 1201 Recommended. 
© Thickness: Optimum between 0.06 mm and 0.15 mm, on the whole 


back surface of the amplifier. 
(Typical volume: 700 mm 3 for 0.1 mm thickness) 
(Equivalent weight: 1.5g for 2.2 density paste). 


SCREWS 


© Socket head cap screws: CHC M3 x 10 for Copper/Aluminum Heatsink. 


e Material: Nickel plated steel. 


WASHERS 
© Split lock washers WZ @3 + Flat washers ZU @3. 


RFA8180B 
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MOUNTING RECOMMENDATIONS (continued) 


TIGHTENING ORDER 


INPUT OUTPUT 





Recommended Torque: 12 Kg.cm (10.5 in.Ibs) 


MOUNTING VERIFICATION 
Make the amplifier work at nominal RF conditions, and 
measure temperature on points 1, 2, 3, and 4. 











| _ Characteristic | Typ_|_ Max__| Unit _| 
| T2, 7374 [| to 
| acts. ta, acta, Ts Ts | 





CLEANING 

Some components of the RFA8180B amplifier are not 
qualified for every kind of cleaning solvent; do not clean the 
amplifier in a solvent bath. Local cleaning is recommended. 
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Case Dimensions 
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Case Dimensions 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. CONTOUR OF PACKAGE BEYOND DIM RIS 
UNCONTROLLED. 

4, DIM F APPLIES BETWEEN P AND L. DIM D AND J 
APPLIES BETWEEN L AND K MINIMUM. LEAD DIM 
IS UNCONTROLLED IN P AND BEYOND DIM K 
MINIMUM. 


[INCHES [MILLIMETERS | 
[MAX | MIN | MAX_| 


Tra 
= 


SECTION X-X 


STYLE 1: 
PIN1. EMITTER PIN1. BASE PIN 1. ANODE 1 
2, BASE 2. EMITTER 2, CATHODE 
3. COLLECTOR 3. COLLECTOR 3. ANODE 2 


CASE 29-04 


NOTES: 

1, PACKAGE CONTOUR OPTIONAL WITHIN DIA B 
AND LENGTH A. HEAT SLUGS, IF ANY, SHALL BE 
INCLUDED WITHIN THIS CYLINDER, BUT SHALL 
NOT BE SUBJECT TO THE MIN LIMIT OF DIA B. 

. LEAD DIA NOT CONTROLLED IN ZONES F, TO 
ALLOW FOR FLASH, LEAD FINISH BUILDUP, 
AND MINOR IRREGULARITIES OTHER THAN 
HEAT SLUGS. 


[25.40 | [1.000 [1.500 | 
Ali JEDEC dimensions and notes apply 


CASE 51-02 
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CASE DIMENSIONS (continued) 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y.145M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION J MEASURED FROM DIMENSION A 


MAXIMUM. 
4, DIMENSION B SHALL NOT VARY MORE THAN 
0.25 (0.010) IN ZONE R. THIS ZONE 
IR AUTOMA 


CONTROLLED FO! TIC HANDLING. 

5. DIMENSION F APPLIES BETWEEN DIMENSION 
P AND L. DIMENSION D APPLIES BETWEEN 
DIMENSION L AND K MINIMUM. LEAD 
DIAMETER IS UNCONTROLLED IN DIMENSION 
P AND BEYOND DIMENSION K MINIMUM. 


x 86. 
[J {0.029 | 0.040 [0.74 [1.01 | 
[Kk {0.500 | 0.750 | 12.70_[ 19.05 | 
| t Jo2s0] — | 63 [ — | 


|__45°BSC_| 45° BSC_| 
| Pp | — [0050 fT — J 1.27 | 
[Roto | — 7 254 [ — | 


STYLE 5: STYLE7: 
PIN 1. COLLECTOR PIN 1, DRAIN 
2. BASE 2. GATE 
3. EMITTER 3. SOURCE 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


INCHES MILLIMETERS 
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CASE DIMENSIONS (continued) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


Les MLE 


[-s-fasse [ose [aot | 82 
[T_| 0.083 | 0.100 | 2.11 | 254 | 
ripest oret oe tao 


CASE 145A-09 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


¢c cl ft si es 


Cia aC ome Ma 
LA [0.400 0510 [12.45 | 12.98 | 
10 92NF-2A i [Boats | 025 | 1054 | 1080 


le [0775 [0805 | 19.68 | 22.73 | 

WRENCH FLAT [_b | 0.215 [0.235 {5.46 |" 597 | 
PE [oor | — [103 | — | 

[J [0.003 | 0.007 | 0.08 | 0.16 | 

TK | 0.490 | — [12.45 [| 

[ t { 0.065 [ 0.075 {1.65 | 1.90 | 

[Mm | 45°NOM | "45° NOM 


SE ETE 


3. EMITTER 
4. COLLECTOR 


CASE 145A-10 
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CASE DIMENSIONS (continued) 


TES: 

1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS 


eebeesei 
S|} <0) 
BCeececcce 


CASE 145D-02 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. CONTOUR OF PACKAGE BEYOND ZONE R IS 
UNCONTROLLED. 





4, DIMENSION F APPLIES BETWEEN P AND L. 
DIMENSIONS D AND J APPLY BETWEEN L AND K 
MINIMUM. LEAD DIMENSION IS UNCONTROLLED 
IN P AND BEYOND DIM K MINIMUM. 


| an Ea PES TES 
[min [ Max [Min] MAX_| 


[ a_| 0175 | 0.205 | 445 | 5.21 | 
| 8 | 0170] o2i0 | 432 [5.33 | 
| ¢ T0125 | 0.165 [3.18 | 


{| dD [0.016 | 0.022 [_041 | 0.56 | 
|_F | 0016 | 0.019 [0.407 | 0.482 | 
|G | o0s0psc__[ 1.27BSC_| 
[_H | 0.1008SC_[__2.54BSC_| 
| t To250| — | 635 | — | 
[NT 0.080 | 0.105 | 2.03 | 2.66 | 
|p | — T0050 1 — [127 | 
| A yous | — {293 | | 
Lv [o135] — [343 | — | 


SECTION X-X 


CASE 182-02 
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CASE DIMENSIONS (continued) 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


CASE 211-07 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 


CASE 211-11 





CASE DIMENSIONS MOTOROLA RF DEVICE DATA 
4-6 


CASE DIMENSIONS (continued) 


|p | 546 | 5.96 | 0215 | 0.235 | 
| & | 140 | 1.65 | 0.055 | 0.065 | 
YF {152 | — | 0.060 | — _| 
jd | 0.08 | 0.17 | 0.003 | 0.007 | 
| K | 11.05 | — | 0435 [_— | 


CASE 244-04 





| MILLIMETERS | INCHES 


oe 
el Bee 


S| 
i 
ba 
a 


STYLE 1: STYLE 2: 

PIN 1, EMITTER PIN 1. COMMON 
2. BASE 2. OUTPUT 
3. EMITTER 3. COMMON 
4, COLLECTOR 4, INPUT 


CASE 244A-01 
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CASE DIMENSIONS (continued) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


Dim { MIN | MAX | MIN | MAX | 
Pa Loz anor se [73 


NOTES: 
1 DREN NG AND TOLERANCING PER ANSI 
Y14.5M, 
2 CONTROLLING DIMENSION: INCH. 
3. SEATING PLANE = GROUND AND IS CONNECTED 
TO PIN 1 AND 3. 


[__INcues _| MLLMETERS J 


CASE 249-05 
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CASE DIMENSIONS (continued) 


P5PL 
SEATING 
PLANE —_ {4510.25 (0.010) @ 


MOTOROLA RF DEVICE DATA 


[21S 0.13 0.005)@[T] $@] 


CASE 301AA-01 


CASE 301E-04 





NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 


a HS EES 
[win | Max {MN [MAX | 
[_A_{ 2.190 | 2.210 | 55.63 | 56.13 | 
[_B8_ [1.995 | 1.415 | 35.44 | 95.94 | 


| ¢_|_0365 | 0.360 [9.02 | 9.65 | 
Bf os} sae | ts8.] 088 | 


Pere sist 
|_@ |" 1.900BS¢__| 48.26 BSC__| 
[| 7:7008S¢ | 10850 


Hac oameso | ear eso— 
[ x | os00Bsc__] 12.70 BSC 


STYLE1: 
PIN 1. RF INPUT 
2. Vets (8.0) 
3. Voge (125 V) 
4. Vocg (12.5 ¥) 
5, RF OUTPUT 


Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 


Fo oS METERS | 


[MAX | MIN] a 
A te | ATT 82 
|B | 1370 | 1.390 [34.80 | 35.30 | 





5. RF OUTPUT 
CASE: GROUND 
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CASE DIMENSIONS (continued) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANS! 


Y14.5M, 1962. 
2, DIMENSION: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 


P7 


‘SEATING PL 


STYLE 1: 
PIN 1. RF INPUT/V CONT 
2. VS1 
3. VS2 
4, VS3 
5. VS4 
6. VS5 
7. RF OUTPUT 
CASE: GROUND 


CASE 301F-03 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 


DQ2er 2. CONTROLLING DIMENSION: INCH. 
BIS 0130.05 @|1] 6@) 3. DIMENSION F TO CENTER OF LEADS. 


Dspi 


Le] 0.25 (0.010) @ [T]Z 


[15.12 | 15.49 | 
|_V_ | 0.700BSC_ | 17.78 BSC 
[_ x T osoopsc | 12.70BsC 


P5sPL 


CASE 301G-03 
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CASE DIMENSIONS (continued) 


NOTES: 
DQoaee 1, DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
912 01900 : Sores 
|__INCHES __ | 


P 4p. 


mea® ey 
pane [9] 0.25 (0.010) @ 4, RF OUTPUT 


CASE: GROUND 
CASE 301H-03 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
CONTROLLING 


2 Ol ON: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 





{1 0.13 (0.005) @ [T] A@ | 


CASE 301J-02 





MOTOROLA RF DEVICE DATA CASE DIMENSIONS 
4-11 


CASE DIMENSIONS (continued) 





NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 
ae [__INCHES __| 
{win | Max [win] Max | 


[_A_| 1.770 [1,765 | 44.96 | 45.34 | 
| B | 1.370 [1.390 | 34.80 | 35.31 | 
[6.35 | 6.73 | 


Q2pL 


PS 0.13 0.005)@] T] $@ | 


Dep. 


STYLE 3: 
PIN 1. RF INPUT 
2, VS1 


—— 3. VCONT 
z i 
SEATING — Ps PL 6. RF OUTPUT 


PLANE [@ {0.25 (0.010) @ JT] ASE: GROUND 


CASE 301K-02 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSION F TO CENTER OF LEADS. 


[MILLIMETERS [INCHES | 
ODQa2pr |_A_| 42.80 | 43.05 | 1.685 [1.695 | 


|S _ 0.13 (0.005) @ (| 0:13(0.006) @|T] A@ | Pe eas [ee ie oer 
tee toate 


D5PL 
P5PL 


SEATING 
PLANE 


CASE 301N-02 
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CASE DIMENSIONS (continued) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3, DIMENSION F TO CENTER OF LEADS. 


1 ; 1 | 


N 
H 


[x] 8.69 BSC 


STYLE 1: 
PIN 1, RF INPUTVCONT 
2. VSI 


. Vo 
vs3 
RF OUTPUT 


CASE 301R-01 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 


an [__ INCHES [MILLIMETERS | 


|_A_| 2.640 | 2.660 | 67.06 | 67.56 | 
[2.040 [ 2.085 | 51.82 | 52.95 | 
Yc | 0.335 | 0.360 | 8.51 | 9.14 | 
|b [0.018 | 0.022 | 046 | 056 | 
| 0.100 | 0.115 [2.54] 2.92 | 





2. DC TERMINAL, Vs1 
3. DC TERMINAL, Vs2 
4. DC TERMINAL, Vb 
5. DC TERMINAL, Vs3 
6. DC TERMINAL, Vs4 
7, RF OUTPUT 


CASE 301S-02 
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CASE DIMENSIONS (continued) 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 


|__INCHES | MILLIMETERS | 
[ MIN | MAX |” MIN] 
| A_| 1.970 [1.990 | 50.04 | 50.55 | 
[¢ | 0.245 | 0.265 | 6.23 
[0.018 | 0.022 | 0.46 | 


: 


iS 
ae 


4 


B 
- 
8 


lace 
- 
: 
B 


Pee errrere| 
A eacece 
Eaae 
: ral 
sEeCcuce 


0.325 BSC 


1: 

PIN 1, RF INPUT 
2. DC TERMINAL, Vst 
3. DC TERMINAL, Vs2 
4, DC TERMINAL, Vb 
5. DC TERMINAL, Vs3 
6. RF OUTPUT 


CASE 301T-02 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 


INCHES MILLIMETERS 


BES 
Se 
lola BIRR 
a 


ae 


[JT a267 | 0276 | 679 | 7.06 
[KJ 0177] 027] 450 | 5.51 | 
BS 


[x | 0385BSC | S78BSC | 


STYLE 1: 
PIN 1, RF INPUT CONT 
2. VSI 
3. Vb 
4, VS2 
5. VS3 
6. RF OUTPUT 
CASE: GROUND 


CASE 301V-02 
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CASE DIMENSIONS (continued) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION F TO CENTER OF LEADS. 


af 
Ba 
~ 
able 
ei 
| 


a 
oe 
Fay 
3/8 
; 


P5PL 


“rune = (0250010 ©] 


2. DC TERMINAL, Vs1 
3. DC TERMINAL, Vb 

4, DC TERMINAL, Vs2 
5. RF OUTPUT 


CASE 301Y-02 





MILLIMETERS 
ea 


WRENCH FLAT “4 lew 


CASE 305-01 
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CASE DIMENSIONS (continued) 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
‘Y14.5M, 1982. 
2. CONTROLLING 


MILLIMETERS, 
[win | MAX_[ MIN] MAX | 


CASE 305A-01 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
‘Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


| ne an PS ETERS 
[_A_| 0200 [0.210 | 5.08 | 5.33 | 


CASE 305B-02 





CASE DIMENSIONS 
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CASE DIMENSIONS (continued) 


MOTOROLA RF DEVICE DATA 


CASE 305C-02 


CASE 305D-01 





NOTES: 


1 DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 


, 1982. 
2. CONTROLLING DIMENSION: INCH, 


|__INCHES __ MILLIMETERS | 
[5.33 | 


a 
[xT 0.970 [1.030 [24.64 [26.16 | 


STYLE 1: 
PIN 1. EMITTER 
2. BASE 
3. EMITTER 
4, COLLECTOR 





NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMERNSION: INCH. 


STYLE 1: 
PIN, EMITTER 
2. BASI 


. BASE 
3. EMITTER 
4. COLLECTOR 


CASE DIMENSIONS 
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CASE DIMENSIONS (continued) 


NOTES: 
1. FLANGE IS ISOLATED IN ALL STYLES. 
| mn emeuimetens | —_ncties 
| MINT MAX | MIN | 


MIN | MAX_| 
|_A_| 24.38 | 25.14 | 0.960 [0.990 | 
|B | 1245 | 12.95 | 0.490 | 


= 

[K_| 1029 [11.17 [0.405 {0.440 | 

[tT 3.81 | 406 | 0.150 | 0.160 | 
{0.150 | 0.170 | 


LN | 381 | 431 | 

| a | 292 [330 | 0.115 [0.130 | 
[_R_ | 3.05 | 3.30 | 0.120 | 0.130 
LU [11.94 [1257 [0.470 | 0.495 | 


CASE 316-01 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH, 


720 | 0.730 | 18.29 | 
1: 
PIN 1. EMITTER 
2, COLLECTOR 


3. EMITTER 
4. BASE 


CASE 316A-01 
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CASE DIMENSIONS (continued) 


‘oo 


MOTOROLA RF DEVICE DATA 


G 


CASE 317-01 


CASE 317A-01 





NOTES: 
1. DIMENSION D NOT APPLICABLE IN ZONE N. 


STYLE 2: STYLE 3: 
PIN 1. COLLECTOR PIN 1. OUTPUT 
2. EMITTI 2. GROUND 
3. INPUT 
4, GROUND 





NOTES: 
1, DIMENSION D NOT APPLICABLE IN ZONE N. 


STYLE 2: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 
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CASE DIMENSIONS (continued) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
3. LEAD DIMENSIONS UNCONTROLLED WITHIN 
DIMENSION N AND R. 


[__INCHES __| MILLIMETERS | 


28 


| ao — J 0128 TT 3.25 | 
[_t | 0.025 | 0.040 | 0.64 | 1.01 | 


CASE 317D-02 


a 0.031 bc inches 
08 _ 
SOT-23 
FOOTPRINT 


NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
‘ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. MAXIMUM LEAD THICKNESS INCLUDES 
LEAD FINISH THICKNESS. MINIMUM LEAD 
THICKNESS IS THE MINIMUM THICKNESS 
OF BASE MATERIAL. 


CASE 318-07 
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CASE DIMENSIONS (continued) 


4 0,047 ° 0.031" 0.033 
ie | 1.2 08 0.85 
K LL SOT-143 


FOOTPRINT 


, NOTES: MILLIMETERS | INCHES | 

. COLLECTOR 1. DIMENSIONING AND TOLERANCING PER ANSI ETE tain | MAC] 
EMITTER Y14.5M, 1982. onto] 

2. CONTROLLING DIMENSION: MILLIMETER. a eee 

[of oe | iis | 0.088 | 0s | 


CASE 318A-05 





NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


INCHES: 
aa TMNT 


[0.08 (0.003)] 


LE 2: 
PIN1. ANODE 
2. CATHODE 


3. NC 
4. CATHODE 


CASE 318E-04 
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CASE DIMENSIONS (continued) 


Qe2pL 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 


D2pL 


[| 0.38 (0.015)@ [7] A@| N@| 


| 5.72 | 6.12 | 
ators forest ate sae) 


STYLE 2: STYLE 3: 
PIN 1, EMITTER (COMMON) PIN 1. SOURCE (COMMON) 
2. BASE (INPUT) 
3. EMITTER (COMMON) 
4, EMITTER (COMMON) 
. COLLECTOR (OUTPUT) 5. COLLECTOR (OUTPUT) 
BASE (COMMON) 6. EMITTER (COMMON) 6 SOURCE (COMMON) 


CASE 319-07 


NOTES: 
1 Corres AND TOLERANCING PER ANS! 
14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


MILLIMETERS, 
|_MIN_| [Max] 


CASE 319A-02 
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CASE DIMENSIONS (continued) 


Q2p_ 


FB] o 0.15 (0.006) te DMENSIONNG AND TOLERANCING PER ANS 


‘Y14.5M, 1982. 
2. CONTROLLING 


DIMENSION: INCH. 


CASE 319B-02 





NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982, 
2. CONTROLLING DIMENSION: INCH. 


|__INCHES _| MILLIMETERS | 
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CASE DIMENSIONS (continued) 


TES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


[INCHES [MILLIMETERS | 
| MIN | MAX__| Lwin | MAK J 


STYLE 3: 
PIN 1. BASE 
2. EMITTER 
3. COLLECTOR 


CASE 328F-01 


NOTES: 
1. DIMENSION K APPLIES TWO PLACES. 
2. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1973. 


ow Pa MILLIMETERS | INCHES | 
eT wa [MIN | MAX | 
|-A_{ 686 | 782 {0.270 | 020 | 


ena 
is 
fad dtd 
alsis 


are 


bad beg [ed 
SHES RBRECER 
aad 

3 


R 
Rp 
i 
ln 
Bs 
I> ols 
Slale 
iS 
ta 


92 


3 
3B ERE rer errr 


BN. BASE 
2. EMITTER 


0.76 (0.030) @) & COLLECTOR + COLLECTOR 


CASE 332-04 
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CASE DIMENSIONS (continued) 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 


Q2pPL 


ob NOTES: 
[1D 0.13 (0.005) 1, DMENSICRENG AND TOLERANCING PER ANS! 
14 
2, CONTROLLING DIMENSION: INCH. 
r=: Leis MLM 


pies ee Bear oe 
[_B_{ 0.300 | 0.410 [9.91 [10.41 | 
fe fozso fozee | oat 7961 





La [0.1207 01357 3.05 [3.42 | 


LE 1: 

PIN 1. EMITTER 
2, COLLECTOR 
3. EMITTER 
4, BASE 
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CASE DIMENSIONS (continued) 


Dennen 
NOTES: 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


[MIN 
[a | 0.965 | 0.985 | 24.52 | 25.01 | 


Q2pL 


7 
Dart mene LL 


F2eu 


K2pL 


= 

1B 

|S as 
ie S18 


ae 


SEATING 
PLANE 


CASE 333A-02 


@ Q2pc 


NOTES: 
[PIS 0.25 (0.01) 1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


[6.18 | 6.52 | 
{3.18 {3.42 {0.125 [0.135 | 
| 2.98 [3.25 [0.117 | 0.128 | 


Et: 
PIN 1, COLLECTOR 
2. EMITTER 
3. BASE 


CASE 336E-02 
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CASE DIMENSIONS (continued) 





MOTOROLA RF DEVICE DATA 


@ Q2pr 


@]S 0.76 (0.030 [tT] A@| BO] 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


Cu o7oossc | 1778Bsc 


Et: 
PIN 1. COLLECTOR 
2, EMITTER 
3. BASE 


CASE 355C-02 





NOTES: 
© Q2pr 1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
elo 0.76 (0.030)@) 2. CONTROLLING DIMENSION: INCH. 


|__INCHES _|_ MILLIMETERS 
| MAX |W | Max | 


IK [-0570 | 0630 | 14.48 | 7600 | 
W[4S°REF [45° REF | 
N_| 0500] 0610 | 1490 | 1549 | 
a f-o1i5 [0725 | 292 | 3.16 | 
IR} 0.395 [0405 | 10.03 | 1029 | 
Cut a0oesc_[ 2022 65C_| 


LE 1: 

PIN 1, COLLECTOR 
2. EMITTER 
3. BASE 


CASE 355D-02 


CASE DIMENSIONS 
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CASE DIMENSIONS (continued) 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
145M, 1982. 
© Q2er 2. CONTROLLING DIMENSION: INCH. 
[IS 0.76 (0.0300) INCHES | -MILUMETERS | 
[MINT MAX [MIN | MAX | 


|_A_| 0890 {0.910 | 22.61 | 23.11 | 
[BT 0375 | 0.395 |_ 9.53 | 10.03 | 
|_¢ | o.190| 0210] 483 | 5:33 | 
[DJ 0.1457 0.155 [3.69 | 3.93 | 
| & | 0.055 [0.065 | 1.40 [1.65 | 
(H_|0.120 ] 0.130 | 3.05 | 


Lu] o7oossc_[ 17.78 BsC_| 


Et: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 


CASE 355E-01 


@D Q2pr 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


LH] 0.120 [0.130 | | 3.30 | 
|_J_| 0.003 | 0.006 | 0.08 | 0.15 | 
|_k | 0.770 | 0.830 [19.56 | 21.08 | 
[wy 45° REF [45° REF _| 
[_N_ | 0.490 T0510 | 12.45 [12.95 | 

[293 [3.17 | 


La J 0.115 | 0.125 | 
[ R_| 0.395 | 0.405 | 10.04 | 10.26 | 
[yu {_0.650BSC 16.51 BSC 


STYLE 1: 
PIN 1. COLLECTOR 
2. EMITTER 
3. BASE 


CASE 355G-01 
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CASE DIMENSIONS (continued) 


Q2pL 


NOTES: 
BR @ 0.25 (0.01 0m) 1. er verti AND TOLERANCING PER ANSI 


2. CONTROLLING DIMENSION: INCH, 


| om Han ES METS 
DiM_| MIN | [MIN | MAX | 


DIM |_MAX__| 
{_A_{ 0.705 [0.805 [20.19 [20.45 | 
|B] 0.225 [0.235 [5.71 [5.97 | 


[ 0.210 | 0.220 | 
[0.085 | 0.065 | 


E 
5 


0 

[EI 
PH] 0.115 [0.135 | 
[J] 0.004 [0.006 | 
[KT 0.670 [70.730 [ 17. 
[_N | 0.345 "0.355 |" 8. 
[aT 0125 [0.135 | 
[_U_[ 0.560 BSC 14.22 BSC 


2} 


i) 3 

Sjo} 

E 
ees 


a 


CASE 360A-01 





NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANS! 


Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


[_wexes _| wimerers | 
ne ce 
La [0790 | osto | 2007 | 2057 | 
Lp} 0.205 To225 | s24 | 571 | 
[-F }0.004 [0.006 [ost {0.15 | 
CK [0215 [0255 | 547 | 647 | 
Po Tosso_{osme {ase Foo 


44 [== 1 Ft 


ie Te 


CASE 360B-01 
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CASE DIMENSIONS (continued) 





NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
145M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


om tae MILLIMETERS 

¥ al MA. a vs 
[1.510 | 37.85 | 38.35 | 

25.65 


Sls 


es 


{MIN _| 
[_ 1.490 | 
[0.045 | 
| 0.425 | 
| 0.120 | 


Ree RBeese 


SSB eRm GRE RE 
: 
A 


ai [z: Las OOOO ADL ee 
D 


BSC 
750 BSC. 


31,75 BSC 
19.05 BSC 





LA 
LB | 
Lc _| 
| bf 
LE | 
=m 
[J 
[Kk] 
LN] 
La | 
a 
Lv_| 
‘STYLE 1: 


Q RADIUS 2 PL 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 


[INCHES | MILLIMETERS | 
|_A_| 1.330 | 1.350 |_ 33.79 | 34.29 | 
(BT 0.370 | 0.410 | 9.40 | 10.41 | 
Y_C_| 0.190 | 0.230] 4.83 | 5.84 | 
[_D_| 0215 | 0.235 | 5.47 | 5.96 | 


CASE 375-03 
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CASE DIMENSIONS (continued) 


QPL 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 
0.25 (0.010) @ YI45M, 1 


1982, 
2. CONTROLLING DIMENSION: INCH. 
| on Fa MILLIMETERS 
| MIN_ | MAX | [max | 


[Min | 
|_A_| 1.330 | 7.350 [33.79 | 34.29 | 
|_B | 0.375] 0.305 | 9.52 [10.03 | 
|_¢ | o180f 0.2057 4.57 | 5.21 | 
|b | 0.320 [0.340] 8.13] 6.64] 


[kK | 0.580 | 0.620 [14.73 | 15.75 | 
|_N_ | 0.845 [ 0.875 | 21.46 [22.23 | 
[_@_ [0.1187 0.130 73.00 | 3.30 | 
[_R_{ 0.390] 0.410 T 9.91 | 10.41 | 


CASE 375A-01 





Q2pL 


NOTES: 
1D 0.25 (0.010) @|T] A@] B®] 1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


| om a ea [MILLIMETERS | 

| MINT max | MIN | MAX | 
| A [soo [oie | 22.61 | 23.11 | 
| B_{0370_| 0.400 | 9.40 | 10.16 | 
|_¢ {0.145 [0.160 | 3.69 | 4.06 | 
| D | 0.140 [0.160 | 3.56 | 4.06 | 
[_E | 0.055 0.065 | 1.40 | 1.65 | 
|_F_| 0.003 [0.006 | 0.08 | 0.15 | 
[| GT] 0.650 BSC _| 16.51 BSC _| 


|_H_| 0.110 10.130 [280 | 3.30 | 
[Kk Joie [0220 [457 | 5.59 | 
poe fa 


0.115 [0.135 | 2.93 | 3.42 | 
[-R [0.390 Toato [9.91 | 10.41 | 
STYLE 1: 
PIN1. COLLECTOR 


2. EMITTER 
3. BASE 


CASE 376B-02 
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CASE DIMENSIONS (continued) 


NOTES: 
Q2pr 1. DIMENSIONING AND TOLERANCING PER ANS! 


ae eae 
Dim_| MIN | MAX J MIN | MAX] 
|_A_{ 0.890 [70.910 [ 22.61 | 23.11 | 

[0.370 | 0.400 [9.40 | 10.16 | 


les Dap. 


For. 
[_N | 0.300 [0.410 | 9.97 [10.41 | 
[QJ 0.115 | 0.135 | 2.93 [3.42 | 
[_R_] 0.390 [0.410 [9.91 [ 10.41 J 


NOTES: 
4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982 
2. CONTROLLING DIMENSION: INCH. 
QRADIUS 2 PL 


[@[S 0.25 (0.010) pm [Twin | WAL MNT MAX | 
LA os00 | osto[zeer[ 2a.i] 


7 [80370 | oaon [940] 10:6] 
= Ce Cel R Le oxos [aras [267 (3021 
5 [085 [0.065 | 7.66 [2.5 


|_D | 
| E {0.055 [0.065 [1.40 | 1.65] 


[_F | 0.003 | 0.006 [0.08 | 0.15 | 
|_G | 0.6508SC__[ "16.51 BSC _| 
|_K [0.190 | 0.210 | 4.83 | 

{LT 0.155 [0.190 | 3.94 | 

|_N | 0.490 | 0.510 | 12.45 | 12.95 | 
[_@ | 0.060 | 0.070 [1.53 [ 1.77] 
LRT 0.390 | 0.410 [9.91 [10.41 | 





CASE 382-01 





CASE DIMENSIONS MOTOROLA RF DEVICE DATA 
4-32 


CASE DIMENSIONS (continued) 


NOTES: 
1. oe AND TOLERANCING PER ANSI 
Y14.5M, 1 
2 CONTROLLING DIMENSION: MILLIMETER. 


MILLIMETERS [INCHES 
| Min [Max [MIN 
}A [sar [ise [26 5.28 


[a [_46 | 0.17 | 
| R ] 62BSC_ | 0.24 BSC 


Se 
LV 421 7 426 [1.66 | 1.68 | 
L_w_| 175 |_179 | 069 | 0.70 | 
| x T= {135 [ = {0.53 | 
[Ly | 6708sc_ | 264BsC | 


| S038 (0.015) @|T] A@| BO) 


1: 
PIN 1. +V SUPPLY 26.5V 
2. DO NOT USE 


3. GROUND 
4, TEST POINT (lot) 
5. TEST POINT (2) 
6. OPTION 


7. RE INPUT 
8, RF OUTPUT 


CASE 389B-02 





NOTES: 
1 eee AND TOLERANCING PER ANSI 
| Z7 [0.05 (0.002) yi4ah 1 
2, CONTROLLING DIMENSION: MILLIMETER, 


[MILLIMETERS [INCHES | 

Ca eT 
|_A_| 133.7 | 1342 7 5.26 | 5.28 | 
y 6 | = | i305 [5.49 | 


"RE INPUT [of — [3620 | — | 142 | 
. Yori |G [i071 [407.7 [4.22 [424 | 
. Voor |__| 920 [9.60 |” 0.36 | 0.38 | 
. Vect 

» Voor 

. Voor 

* Voor 

. GROUND 

|. BIAS SWITCH (OPTIONAL) 

). GROUND 

. RF DETECTOR (OPTIONAL) 

Vi 


1S 0.38 (0.015)@]T] A@| BO] 


y [ 522BS¢_| "2.06 BSC_| 
Lz] 30] 95 [031 | 0.37 | 


CASE 389U-01 
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CASE DIMENSIONS (continued) 


@ Qaer 


| 0.51 (0.020)@ [T] B® | NOTES 


1. DIMENSIONING AND TOLERANCING PER ANS! 
1 


[0.51 (0.020) @ [tT] A @ | 
as Dae eee 
tec 


CASE 3908-01 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982, 
2. CONTROLLING DIMENSION: INCH, 


| 2.92 [3.18 | 

[0.006 {0.08 | 0.15 | 

le-6 [_N_] 0.393 | 0.403 9.98 [10.24 | 

| @_ J} 0.123 [0.133 | 3.13] 3.38 | 

|_S_| 0.705 | 0.745 |_ 17.91 | 18.92 | 

Ly bae ert ase 


Q2pL 


os 


FF CEliae 


CASE 391-03 
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CASE DIMENSIONS (continued) 


Q2pL 


NOTES: 
}H]S 025 (0.01@ |T] AM] BO MEM NG PERANS! 


2. CONTROLLING DIMENSION: INCH. 


["k[_ 470 | 559 | 0.185 | 0.220 | 
[ONT 70.03 | 10.29 [0.395 [0.4065 | 
a} 312 | 3.38 [0.123 | 0.123 | 


|u| i651 BSC_| 0.650 BSC_| 
L_v_ J 10.03 T 10.29 | 0.395 J 0.405 } 


SEATING 


CASE 392-03 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 








CASE 394-03 
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CASE DIMENSIONS (continued) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


| ow. Han 
pim_| Min | MAX [MINT MAX | 


PER HERP EP 
peaseeee 


F 
a iis 
a 
: 


5. EMITTER 


NOTES: 
1. oe AND TOLERANCING PER ANSI 
Y14.5M, 
2, CONTROLLING DIMENSION: INCH. 


0.1251 0.135 { 318] 3.2] 
0.552 | 0.572 [14.03 14.52] 


CASE 395B-01 
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CASE DIMENSIONS (continued) 


OQeapr 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 





Qa NOTES: 


) © 0.025 (0.010)@ 1. bron TOLERANCING PER ANSI 
2. CONTROLLING 
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CASE DIMENSIONS (continued) 


NOTES: 


1. puENSONNG AND TOLERANCING PER ANSI 
Y14, 
2. CONTROLLING DIMENSION: INCH. 


|__ INCH eS | uu merEns | ETERS. 


CASE 400-01 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2, CONTROLLING DIMENSION: INCH. 


MILLIMETERS 





[5.72 | 6.09 | 
P= | 444 | 
2.42 | 2.66 | 
[2.93 [3.17 | 
[2.93 | 3.42 | 
[0.08 | 0.17 | 
5.08 | — | 
|_i27 | — | 
[4.15 [1.39 | 
[2.92 | 3.68 | 
[_ 2.80 | 3.04 | 
6 


40.67 | 11.68 


CASE 401-02 
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CASE DIMENSIONS (continued) 


DQ2Pr 


NOTES: 
[BS 0.51 (0.02 1 DIMENSIONING AND TOLERANCING 
2, CONTROLLING DIMENSION: INCH. 


>| be Dapi 
[@]_ 0.51 (0.020) @ [tT] A@] BO] 


So FT No eB 
Te 
ee 


=T-] SEATING 
Te) LANE 


CASE 412-01 


NOTES: 
3, DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
4. CONTROLLING DIMENSION: INCH. 
. DIMENSION F TO CENTER OF LEADS. 





v_ 05 9 BS 


Pep. 


[| 0.25 (0.010) ® ||] 


CASE 413A-01 
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CASE DIMENSIONS (continued) 


oe 


SC-70/SOT-323 
FOOTPRINT 


IST 0.08 (0.002) 


oon HE eres 
{MIN [MAX [MIN [MAX | 

[a | oo71 | 0.087 | 1.80 [220 | 

[ B | 0045 | 0.053 [4.15 [1.35 | 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
3. COLLECTOR 2. CONTROLLING DIMENSION: INCH. 


CASE 419-02 
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CASE DIMENSIONS (continued) 


IP]S 0.13 (0.005)@ [T] s @] 
Q4pL 


{1.0.13 (0.005) @ 
NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 


'14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 


[ep] 0.25 (0.010) @ Fs {sovese [7 680 
Pi aed sean 


ssa [eso str [aes 
v_[T50BSC__| 0453 BSC _| 
[LW |4008SC [0.167 BSC 
"x | 9008S _| g 

[aa [437 [165 | 01064 [0.064 | 


i re 
ener 


0.25 (0.010) @ 





CASE 420A-01 
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CASE DIMENSIONS (continued) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: MILLIMETER. 


| MILLIMETERS | INCHES __| 
[ MIN | MAX | MIN | MAX | 
[_A_[11498 [115.12 | 4.523 | 4532 | 
| B | 84.68 | 95.12 | 3.342 [3.351 | 
| ¢ | — 115.00 | — | 
| b | 3.40 [3.60 | 0.134 | 0.142 | 
[LE [450 | 490 [ 0.17 [ 0.193 | 
[FT| 3.40 [3.60 | 0.134 | 0.142 | 
| G_} 14.60 | 15.40 | 0.575 |’ 0.606 | 
[| 
[ 3.205 | 3.035 | 
| _k_| 81.40 | 81.60 [ 3.205 | 3.213 | 
jt {7.90 [ 8.10 [ 0.311 | 0.319 | 
|_m_| 27.40 | 27.60 [ 1.079 | 1.087 | 
[_N [42.40 | 42.60 | 1.669 | 1.677 | 
| P_ | 54.90 [55.10 [ 2.161 | 2.169 | 
| @ {3.10 [3.40 [ 0.122 | 0.134 | 
| R_1i41.40 [141.60 | 4.386 | 4.394 | 
[_s_| 80.90 | 81.10 | 3.185 | 3.193 | 


GROUND TO CASE 


STYLE 1: 
PIN 1. RF INPUT 
2. DC VOLTAGE 
3. RF OUTPUT 
GROUND TO PLANE 


ty 


CASE 429-02 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


: 


GROUND TO CASE 


e>| 


_ RF INPUT 

, RE OUTPUT 

. +Vgct - (GROUND TO CASE) 

. +V¢¢2 - (GROUND TO CASE) 

. BIAS REMOTE 

. GROUND (BIAS REMOTE ONLY) 
. RF DETECTION 

. GROUND (RF DETECTION ONLY) 





[_MAX_| 
[120 | 
| 36 
| 49 | 
[3.6 | 
| 15.4 | 
| 80.1_| 
[81.6 | 
[51 | 
44 
| 426 | 
| 549 | 
[3.4 | 
[ite | 
[399 | 
[80.5 | 
| 110.3 | 
[45.9 | 
[23.8 | 


CASE 429A-01 
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CASE DIMENSIONS (continued) 


=m 


>-- ey 


MOTOROLA RF DEVICE DATA 


4 
$ 


AREA 
QopL 


CASE 429C-01 


CASE 429E-01 


GROUND TO CASE 





NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


an nr MILLIMETERS 
[MIN] 


[MAX | MIN | MAX, | 
[A | 4523 | 4592 [114.98 [115.12 | 
| B | 3.342 | 3.951 | 84.68 | 05.12 | 
tc { — | o6e9 | — [17.0 | 
{ D | 0134 | org | 34] 36 | 


ls 
Si) 


STYLE 1: 
PIN 1. RF INPUT 
2, RF OUTPUT 
3. +V¢cl 
4, Voc2 
5. RF DETECTION GROUND TO CASE 





NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 








PIN 1. RF INPUT 
2. RF OUTPUT 
3. +VoG 
GROUND TO CASE 
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CASE DIMENSIONS (continued) 


a 


fo) 


LNSSD_ASST + 


0.031 0.033, 
“08 0.85 


SOT-143 


FOOTPRINT 


NOTES: 
1 Lia ie AND TOLERANCING PER ANS! 
Y14.5M, 1 
2 CONTROLLING DIMENSION: INCH. 


CASE 430-01 


NOTES: 


3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
4. CONTROLLING DIMENSION: INCH 


[meres | amsmerens 


CASE 431A-02 
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CASE DIMENSIONS (continued) 


NOTES: 
1. CONTROLLING DIMINSION: INCH. 
2. DIMENSIONING AND TOLERANCING 
PER ANSI Y14.5M, 1982. 


2215) ~]=]8) 
AR[S|Rla/z 


als 
Eig 


STYLE 1: 
PIN 1. RF OUTPUT 

2. GROUND 
3. D.C. TERMINAL 
4. GROUND 
5. D.C. GAIN 
6. GROUND . 
7. RF INPUT . RF INPUT 


CASE 700-04 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 


Y14.5M, 1982. 
1D 0.25 (0.010) @ 2. CONTROLLING DIMENSION: INCH. 


[__INCHES __[_ MILLIMETERS | 


Q2PL 





te 
deucued 
tle 
eed 


sigh 
Fe 


a 
nee 


6 2UNC-2B 
2PL 
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CASE DIMENSIONS (continued) 


NOTES: 


1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH 
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PIN 1. RF INPUT 
2. GROUND 
3. GROUND 


CASE 714F-02 


NOTES: 
1. pene AND TOLERANCING PER ANSI 


Y14.5M, 1! 
2. CONTROLLING DIMENSION: INCH 
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CASE DIMENSIONS (continued) 
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MOTOROLA PF DEVICE DATA 


NOTES: 


1, DIMENSIONING AND TOLERANCING PER ANSI 
‘Y14.5M, 1982. 
CONTROLLING DIMENSION: INCH. 


[__wenes | winmerens | 
[win [MAX 
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STYLE 1: 

PIN 1. RF INPUT 
2. GROUND 
3, GROUND 
4.-Voo 
7. GROUND 
8. GROUND 
9. RF OUTPUT 


CASE 714H-02 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 





‘STYLE 1: 

PIN 1, RF INPUT 
2. GROUND 
3. GROUND 
4. Veg 
7. GROUND 
8. GROUND 
9. RF OUTPUT 
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CASE DIMENSIONS (continued) 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 
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PIN. RF INPUT . RF INPUT 
2, GROUND , GROUND 
3. GROUND . GROUND 
5. Voc! . Vo 
6. Vog2 . Vog2 
7. GROUND . GROUND 
8, GROUND . GROUND 
9, RF OUTPUT . RF OUTPUT, Veg 3 


CASE 714M-02 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI! 
Y14.5M, 1982 
2. CONTROLLING DIMENSION: INCH. 


ow a TAL LM Ze 

[ MiN” T MAX | MIN | 
CA | — 11.755 | mene 
(6 | — | o5es | 


PIN‘, RF INPUT PIN, RF INPUT 
2, GROUND 2. GROUND 
3. GROUND 3. GROUND 
4, RESISTOR-GROUND 4. Voc! 
5, GROUND 8. GROUND 
6. GROUND 6. GROUND 
7. GROUND 7. GROUND 
8. Vogt 8. Vo 2 
9. RF OUTPUT 9, RF OUTPUT 
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CASE DIMENSIONS (continued) 


MOTOROLA RF DEVICE DATA 


STYLE 1: 


PIN 4. RF INPUT 
2. GROUND 
3, GROUND 
4, RESISTOR-GROUND 
5, GROUND 
6. GROUND 
7. GROUND 
8. Voc! 
9, RF OUTPUT 


CASE 714T-02 


SEATING 
PLANE 


CASE 744A-01 





NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 


NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 


‘Y14.5M, 1962. 
2. CONTROLLING DIMERNSION: INCH. 


[1.775 | —_ | 45.09 
|B | 0550 | 0.570 | 13.97 | 14.27_| 
LE | 0.120 | [3.05 | 





‘Y14.5M, 1982. 


aoe 


Di [MAX | MIN [MAX | 
[A _| 22.60 | 23.11 | 0.890 | 0.910 | 
|_B | 952 | 10.03 [ 0.375 | 0.395 | 

| 0.262 | 0.282 | 


4, EMITTER (COMMON) 
5, EMITTER (COMMON) 
6, BASE 


7. BASE 
8, EMITTER (COMMON) 
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CASE DIMENSIONS (continued) 
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LAE, $0-8 
FOOTPRINT 


ill [MILLIMETERS [INCHES] 
1. DIMENSIONING AND TOLERANCING PER | om | MAX | 


ANSI Y14.5M, 1982. 

. CONTROLLING DIM: MILLIMETER. 

. DIMENSION A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

}. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 

. DIMENSION D DOES NOT INCLUDE 
DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.127 
(0.005) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL 
CONDITION. 


CASE 751-04 


0.024 —+| as _+| L 0.050 
06 1.270 
SO-16 (==) 

FOOTPRINT mm 


TES: 

. DIMENSIONING AND TOLERANCING PER ANS! 
Y14.5M, 1982. 

. CONTROLLING DIMENSION: MILLIMETER. 

. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 

. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION. . 
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CASE DIMENSIONS (continued) 
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MOTOROLA RF DEVICE DATA 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1962. 
2. CONTROLLING DIMENSION: INCH. 


CASE 825A-02 


NOTES: 
1, DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 
2. CONTROLLING DIMENSION: INCH. 


| my Fas ETERS | 


wera 
| A | 0.802 | 0.908 | 22.66 | 23.06 | 
|_B | 0.378 | 0.304 [9.61 | 10.00 | 
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CASE DIMENSIONS (continued) 
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NOTES: 
1. bee bue AND TOLERANCING PER ANSI 
Y14.5M, 1 
2. CONTROLLING DIMENSION: NCH. 
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Index and Cross Reference 


The Index and Cross Reference provides a listing of 
Motorola’s closest replacement devices to industry standard 
devices. It is Motorola's intent to provide suitable replacement 
devices and to encourage the device user to investigate these 
alternatives. 

Several guidelines are used to determine Motorola’s closest 
replacement devices. For low power devices, guidelines are 
based on de voltage ratings, cutoff frequency, current rating, 


MRF5812 
MMBR5179LT1 
MRF134 
MRF134 
MRF134 
MMBR5179LT1 
MMBR5179LT1 
MRF134 
MRF134 
MRF134 


MMBR5179LT1 
MRF3866 
MRF3866 
MMBR5031LT1 
MRF5003 
MRF5003 
MRF2628 
MRF4427 
MRF9011LT1 
MRF9011LT1 


MRF134 
MRF134 
MRF321 
MRFS003 
MRF4427 
MRF464 
MRF4427 
MRF3866 
MRF2628 
MMBR4957LT1 


MMBR4957LT1 
MMBR4957LT1 
MRF323 
MMBR5031LT1 
MMBR5031LT1 
MRF426 
MRF5943 
MMBR5179LT1 
MMBR5179LT1 
MRF4427 








junction capacitance, and noise figure. The high power 
guidelines are dc voltage ratings, output power, gain, frequen- 
cy of operation and output capacitance. 

New chip technologies and packaging requirements are 
constantly evolving to meet the explosive demands of the 
Communications market. Motorola’s portfolio of RF devices 
reflects this growth and the changes in the Communications 
market. 


Motorola 


MRF5003 
2N5590 MRF2628 
2N5591 MRF1946/A 
2N5636 MRF321 
2N5637 MRF323 
2N5641 MRF 134 
2N5642 MRF166C 
2N5643 MRF137 


2N5644 
2N5645 
2N5646 
2N5688 
2N5689 
2N5690 
2N5697 
2N5698 
2N5699 
2N5710 


MRF5003 
MRF652 
MRF653 
MRF2628 
MRF2628 
MRF1946/A 
MRF5003 
MRF5003 
MRF652 
MRF4427 


2N5711 MRF134 
2N5713 MRF137 
2N5774 MRF321 
2N5775 MRF325 
2N5829 MMBR4957LT1 
2N5835 MRF9011LT1 
2N5836 MRF951 
2N5837 MRF951 
2N5841 MRFS571 
2N5842 MRFS71 


2N5847 
2N5848 
2N5862 
2N5914 
2N5915 
2N5918 
2N5919A 
2N5941 
2N5942 
2N5943 


‘- MRF2628 
MRF1946/A 
MRF316 
MRF5003 
MRF653 
MRF321 
MRF323 
MRF138 
MRF464 
MRF5943 


a oS 
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Index and Cross Reference (continued) 


2N5944 
2N5945 
2N5946 
2N5947 
2N5992 
2N5993 
2N5994 
2N5995 
2N5996 
2N6080 


2N6081 
2N6082 
2N6083 
2N6084 
2N6093 
2N6104 
2N6105 
2N6136 
2N6166 
2N6197 


2N6199 
2N6200 
2N6201 
2N6203 
2N6204 
2N6205 
2N6206 
2N6207 
2N6255 
2N6256 


2N6366 
2N6368 
2N6439 
2N6455 
2N6457 
2N6460 
2N6603 
2N6604 
2N6985 
2N6986 


2SA1161 
28A1223 
28A1228 
2SA1230 
2SA1245 
2SA711 
2SA800 
2801043 
2801081 
28C1090-1 


28C1119 
2801251 
2801252 
2801253 
2801256 
2801257 
2801258 
2801259 
2801260 
2801268 


Motorola 
Closest 
Replacement 


MRF5003 
MRF652 
MRF653 
MRF587 
MRF2628 
MRF1946/A 
MRF315 
MRF2628 
MRF1946/A 
MRFS003 


MRF2628 
MRF1946/A 
MRF1946/A 
MRF1946/A 
MRF464 
MRF325 
MRF325 
MRF644 
MRF173 
MRF134 


MRF137 
MRF137 
MRF317 
MRF321 
MRF323 
MRF325 
MRF891 
MRF892 
MRF5003 
MRF559 


MRF5003 
MRF455 
2N6439 
MRF1946/A 
MRF 492 
MRF492 
MRF901 
MMBR911LT1 
2N6985 
2N6986 


MMBR536LT1 
MMBR536LT1 
MMBR536LT1 
MMBR536LT1 
MMBR4957LT1 
MRF9011LT1 
MMBRS36LT1 
MRF587 
MRF654 
MMBRQ11LT1 


MRF901 
MRF587 
MRF5812 
MRF5812 
MRF5003 
MRF2628 
MRF2628 
MRF1946/A 
MMBR5179LT1 
MRF571 
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2801275 
2801297 
2801298 
2801336 
2801365 
2801366 
2801424 
2801426 
2801560 
2801592 


2801593 
2801594 
2801600 
2SC1605A 
2801606 
2801689 
2801729 
28C1763 
2801764 
2801804 


2801805 
2801808 
2801946 
28C1946A 
2801947 
2801949 
2801955 
2801966 
2801967 
28C1968A 


2801970 
2801988 
2802025 
2802026 
2802040 
2802065 
2802081 
2802082 
2802083 
2802100 


2802101 
2802102 
28C2103A 
2802104 
2802105 
2802106 
2802131 
28C2148 
2802149 
2802174 


2802181 
2802217 
2802218 
2802222 
2802280 
2802281 
2802282 
2802290 
28C2350 
2802351 


Motorola 
Closest 
Replacement 


MMBR5179LT1 
MRF137 
MRF315 
MRFS571 
MRF5812 
MRF5812 
MRFS71 
BFR96 
MRF571 
MRF587 


MRF587 
MRF587 
MRF5812 
MRF2628 
MRF5003 
MRF315 
MRF2628 
MRF464 
MRF464 
MRF321 


MRF323 
MRF652 
MRF1946/A 
MRF1946/A 
MRF5003 
MRF951 
MRF5003 
MRF652 
MRF653 
MRF641 


MRF553 
MRF571 
BFR96 
MPS911 
MRF587 
MRFS87 
MRF5003 
MRF653 
MRF654 
MRF492 


MRF2628 
MRF2628 
MRF1946/A 
MRF652 
MRF653 
MRF654 
MRF5003 
MMBR911LT1 
MRFS571 
MRFS71 


MRF224 
MRF571 
MRF571 
MRF653 
MRF5003 
MRF653 
MRF2628 
MRF454 
MRFS571 
MMBRS571LT1 
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Index and Cross Reference (continued) 


MRFO211LT1 
MRF1946/A 
MPS911 
MPS901 
MRF1946/A 
MRF422 
MPS571 
MRF5003 
MRF5003 


MRF2628 
MRF1946/A 
MRF247 
MRF641 
MRF644 
MRF448 
MRF247 
MPS571 
MMBR911LT1 
MRF247 


MRF571 
MRF421 
MRF321 
MRF321 
MRF314 
MRF315 
MRF316 
MRF317 
MRF321 
MRF323 


MRF325 
2N6439 
MRF327 
MRF658 
MRF247 
MRF557 
MRF840 
MRF842 
MRF5812 
MRF587 


BFR96 
MMBRSOILT1 
MRF559 
MRF652 
MRF653 
MRF644 
MMBR901LT1 
MRF5003 
MRF658 
MRF844 


MMBR911LT1 
MRF890 
MRF247 
MRF4427 
MRFS5711LT1 
MRF842 
MRF844 
MRFS711L71 
MRF571 
MPS571 





ATOO17A 
AT004 
AT0045 
AT1425 
AT1825 
AT1845 
AT1845A 
AT25 
AT25A 
AT25B 


AT2625 
AT2645 
AT2645A 
AT2715 
AT50 
ATS1 
ATS2 
ATV6030 
ATV6031 
ATV6060 





MMBR571LT1 
MRF571 
MMBRS571LT1 
MMBR571LT1 
MRF571 
MPS571 
MMBR571LT1 
MRF571 
TPV8200B 
MRF9411LT1 


MRF957T1 
MRF947T1 
MRF947T1 
MRF957T1 
MMBR5179LT1 
MMBR5179LT1 
MRF2628 
MRF134 
MRF134 
MRF134 


MRF134 

MRF2628 
MRF3866 
MRF3866 
MRF4427 
MRF4427 
MRF4427 
MRF5943 
MRF5943 
MRF221 


MRF5943 
MRF5003 
MRF652 
MRF653 
MRFS71 
MRFS71 
MRF323 
MRF4427 
MRF5003 
MRF9011LT1 


MRF9O11LT1 
MRF9011LT1 
MRF9011LT1 
BFR9O 
MMBR911LT1 
MRF901 
MRF901 
MRF901 
MRF901 
MRF901 


MRF901 
MRF901 
MRF901 
MRF951 
BFR9O 
BFR90 
BFR90 
ATV6031 
ATV6031 
ATV6060 
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Index and Cross Reference (continued) 


Motorola Motorola 
Closest 
Replacement 


BFR541 MRF951 
BF100-35 MRF174 BFR63 MRF587 
BF14-35 MRF136 BFR64 MRF587 
BF25-35 MRF137 BFR65 MRF587 
BF430 MRF5711LT1 BFR90 BFR90 
BF431 MRF9011LT1 BFRO0A BFRS0 
BF432 MRF9331LT1 BFR91 MMBR911LT1 
BF433 MRF5812 BFRO1A MRF571 
BF50-35 MRF173 BFR92 BFR92ALT1 
BF679 MMBR536LT1 BFR92A BFR92ALT1 


BF7-35 MRF134 BFR93 BFR93ALT1 
BF751 MPS911 BFR93A BFR93ALT1 
BFG134 MRF581 BFR93ALT1 BFR93ALT1 
BFG195 MRF571 BFR94 MRF587 
BFG197/X MRFS711LT1 BFR9S MMBRS36LT1 
BFG25A/X MRF9331LT1 BFR96 BFR96 
BFG33 MRF9411LT1 BFR96S MRF581A 
BFG33H MRF9411LT1 BFR99 MMBR4957LT1 
BFG34 MRF557 BFS17 BFS17LT1 
BFG520/X MRF9411LT1 BFS17LT1 BFS17LT1 


BFG540/X MRF9511LT1 BFS17S BFS17LT1 
BFG65 MRF941 BFS520 MRF947T1 
BFG67 MRF9411LT1 BFS540 MRF95771 
BFG67/X MRF9411LT1 BFT24 MMBR931LT1 
BFG90A MRF901 BFT25A MMBR931LT1 
BFG91A MRF0211LT1 BFT50 MRF9O11LT1 
BFG92A/X MRF9011LT1 BFT92 MMBR536LT1 
BFG93A/X MRF5211LT1 BFT95 MMBR536LT1 
BFG96 MRF581 BFT96 MMBRS36LT1 
BFG97 MRF5812 BFw93 MRFS71 


BFP10 MRF571 BFWo4 MRF559 
BFP520 MRF951 BGD102 MHW5185B 
BFP90A MRF571 BGD104 MHW5205 
BFP91A MRF0211LT1 BGD106 MHW5225 
BFP96 MRF581 BGD502 MHW6185B 
BFQ163 MRF5812 BGX885 CA901 
BFQI7 MRFQ17 BGY110A MHW851-1 
BFQ18A MRF5812 BGY110B MHW851-2 
BFQi9 BFR96 BGY110D MHW803-1 
BFQ22 MRF9011LT1 BGY110E MHW803-3 


BFQ22S MRF571 BGY110F MHW803-3 
BFQ23 MMBRS536LT1 BGY112B MHW607-1 
BFQ24 MMBR536LT1 BGY112C MHW607-2 
BFQ32M MMBR6521LT1 BGY113A MHW707-1 
BFQ34 MRFS87 BGY113B MHW707-2 
BFQ34T MAF5812 ] BGY114C MHW909 
BFQ43 MRF5003 BGY115A MHWws002-1 
BFQ43S MRF5003 BGY115B MHW9002-2 
BFQS1 MMBR536LT1 BGY115C MHWw9002-3 
BFQ63 MRFS571 BGY200 MHW903 





BFQ66 MRF571 BGY201 MHW914 

BFQ67 MMBR951LT1 BGY49A MHW720A1 
BFQ67W MRF947T1 BGY49B MHW720A2 
BFQ85 MRF571 j BGY50 MHW5122A 
BFR134 MRF5812 BGY51 MHW5122A 
BFR38 ‘| MMBR4957LT1 BGY52 MHW5172A 
BFR49 MRF901 BGY53 MHW5172A 
BFR520 MMBR941LT1 BGY54 MHW5172A 
BFR53 MMBR920LT1 BGY55 MHW5172A 
BFR540 MMBR951LT1 BGY56 MHW5222A 
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Index and Cross Reference (continued) 
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BGY57 
BGY580 
BGY581 
BGY582 
BGY583 
BGY584 
BGY584A 
BGY585 
BGY585A 
BGY586 


BGY587 
BGY587B 
BGY588 
BGY58A 
BGY59 
BGY61 
BGY67 
BGY67A 
BGY70 
BGY71 


BGY78 
BGY80 
BGY81 
BGY82 
BGY83 
BGY84 
BGY84A 
BGY85 
BGY85A 
BGY86 


BGY87 
BGY87B 
BGY88 
BGY89 
BGY90A 
BGY90B 
BGY92C 
BGY95A 
BGY95B 
BLF145 


BLF147 
BLF175 
BLF177 
BLF241 
BLF242 
BLF244 
BLF245 
BLF245B 
BLF246 
BLF246B 


BLF248 
BLF277 
BLF278 
BLF346 
BLF348 
BLF368 
BLF378 
BLF521 
BLF544 
BLF544B 


MHW5222A 
MHW6122 
MHW6122 
MHWe6142 
MHWé6142 
MHW6172 
MHW6182 
MHW6172 
MHWe6182 
MHW6222 


MHWwé6222 
MHW6272 
MHW6342 
MHW5342A 
MHW5382A 
MHW1134 
MHW1224 
MHW1244 
MHW5122A 
MHW5122A 


MHW5342A 
MHW5122A 
MHW5122A 
MHW5142A 
MHW5142A 
MHW5172A 
MHW5182A 
MHW5172A 
MHW5182A 
MHW5222A 


MHW5222A 
MHW5272A 
MHW5342A 
MHW5382A 
MHWs06A2 
MHWs06A4 
MHW812A3 
MHW803-1 
MHW803-3 
MRF138 


MRF141 
MRF148 
MRF151 
MRF158R 
MRF134 
MRF136 
MRF137 
MRF136Y 
MRF173 
MRF177 


MRF141G 
MRF151 
MRF151G 
MRF173 
MRF175GV 
MRF175GV 
MRF151G 
MRF158 
MRF166C 
MRF164W 





BLT90 
BLT9OSL 
BLUI0/12 
BLU15/12 
BLU20/12 
BLUS3 
BLU60/12 
BLU97 
BLU98 


BLUS9 
BLV10 
BLV103 
BLV12 
BLV13 
BLV193 
BLV194 
BLV20 
BLV21 
BLVS7 


BLV59 
BLV75/12 
BLV80/28 
BLV90 
BLV9O/SL 
BLV91 
BLV92 
BLV93 
BLV94 


BLV945A 


BLV948 
BLV95 
BLV96 
BLV97 
BLV98 
BLV99 
BLW29 
BLW30 
BLW31 
BLW32 


BLW33 
BLW40 
BLWS50F 
BLW60 
BLW60C 
BLW76 
BLW77 
BLW78 
BLW79 
BLW80 


BLW81 
BLW82 
BLW83 
BLW84 
BLW85 
BLW86 
BLW87 
BLW91 
BLW91/SL 
BLW95 





MRF175GU 
MRF557 
MRFS57 
MRF653 
MRF654 
MRF644 
MRF392 
MRF658 
MRF653 
MRF581 


MRF652 
MRF2628 
MRF891 
MRF1946/A 
MRF1946/A 
MRF842 
MRF842 
MRF134 
MRF314 
TPV695A 


TPV5055B 
MRF247 
MRF316 
MRF557 
MRF557 
MRF840 
MRF840 
MRF840 
MRF842 
MRF897 


MRF899 
MRF844 
MRF847 
MRF894 
MRF892 
MRF894 
MRF2628 
MRF1946/A 
MRF1946/A 
TPV596A 


TPVS97 
MRF240 
MRF464 
MRF1946/A 
MRF1946/A 
MRF464 
MRF422 
MRF464 
MRF5003 
MRF652 


MRF653 
MRF644 
MRF426 
MRF314 
MRF224 
MRF315 
MRF1946/A 
MRF321 
MRF321 
MRF429 


MOTOROLA RF DEVICE DATA 


Index and Cross Reference (continued) 


BLW96 MRF448 
BLW97 MRF422 
BLW98 TPV598 
BLW99 MRF421 
BLX13 MRF426 
BLX13C MRF426 
BLX14 MRF464 
BLX39 MRF315 
BLX65 MRF5003 
BLX65ES MRF5003 


CA2810CH CA2810C 
CA2810H CA2810C 
CA2813 CA2810C 
CA2813B CA2810C 
CA2813C CA2810C 
CA2813CH CA2810C 
CA2818 CA2818C 
CA2818B CA2818C 
CA2818C CA2818C 
CA2818H CA2818C 


BLX66 MRF5003 
BLX67 MRF653 
BLX68 MRF653 
BLX69A MRF654 
BLX91 MRF313 
BLX91A MRF313 
BLX93 MRF321 
BLX93A MRF321 
BLX94A MRF325 
BLX94C MRF323 


CA2828CH CA2818C 
CA2830 CA2830C 
CA2830B CA2830C 
CA2830C CA2830C 
CA2830H CA2830C 
CA2832 CA2832C 
CA2832B CA2832C 
CA2832C CA2832C 
CA2832H CA2832C 
CA2833 CA2833C 


BLX95 MRF325 
BLX96 TPVS96A 
BLX97 TPV597 
BLX98 TPV598 
BLY53A MRF653 
BLY58 MRF2628 
BLY59 MRF134 
BLY60 MRF134 
BLY87A MRF2628 
BLY87C MRF2628 


CA2833C CA2833C 
CA2840 CA2842C 
CA2840H CA2842C 
CA2842 CA2842C 
CA2842B CA2842C 
CA2842C CA2842C 
CA2842H CA2842C 
CA2846 CA2842C 
CA2850 MHW5182A 


CA2850CR CA2850CR 


BLY88A MRF2628 
BLY88C MRF2628 
BLY88C/01 MRF2628 
BLY89A MRF 1946/A 
BLY89C MRF1946/A 
BLY91A MRF134 
BLY91C MRF134 
BLY93A MRF314 
BLY93C MRF314 
BLY94 MRF315 


CA2850R CA2850CR 
CA2850RH CA2850CR 
CA2851CR CA2851CR 
CA2851R CA2851CR 
CA2870 CA2870C 

CA2870B MHW5342A 
CA2870C CA2870C 

CA2870H CA2870C 

CA2875CR CA2875CR 
CA2875R CA2875CR 


BM100-28 MRF317 
BM45-12 MRF247 
BM70-12 MRF247 
BM80-12 MRF247 
BRF521 MRF941 
CA100 MHW5172A 
CA200 MHW5172A 
CA2100 MHW5172A 
CA2101 MHW5172A 
CA2200 MHW5172A 


CA2875RH CA2875CR 
CA2880R CA2875CR 
CA2885 MHW5185B 
CA2888 CA2832C 
CA2888H CA2832C 
CA2889 CA2832C 
CA2889H CA2832C 
CA2890 CA2870C 
CA2890B CA2870C 
CA2890H CA2870C 





CA2201 MHW5172A 
CA2300 MHW5222A 
CA2301 MHW5222A 
CA2422 MHW1224 
CA2600 MHW5342A 
CA2700 MHW5382A 
CA2800 CA2818C 
CA2810 CA2810C 
CA2810B CA2810C 
CA2810C CA2810C 


CA3100 MHW5172A 
CA3101 MHW5172A 
CA3170 MHW5172A 
CA3180 MHW5142A 
CA3200 MHW5172A 
CA3201 MHW5172A 
CA3220 MHW5182A 
CA3270 MHW5172A 
CA3280 MHW5142A 
CA3300 MHW5222A 
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Index and Cross Reference (continued) 


CA3301 
CA3600 
CA3700 
CA4101 
CA4170 
CA4180 
CA4201 
CA4220 
CA4270 
CA4280 


CA4300 
CA4301 
CAAA 
CAS412 
CA4422 
CAS424 
CA4600 
CA4700 
CA4800 
CA4800C 


CA4800CS 
CA4800H 
CA4812 
CA4812C 
CA4812CS 
CA4812H 
CA4815 
CA4815C 
CA4815CS 
CA4815H 


CA4900 
CA4900S 
CA4912 
CA4912S 
CA4915 
CA4915S 
CASO01 
CAS101 
CA5170 
CA5180 


CA5201 
CA5270 
CAS280 
CAS300 
CA5301 
CAS501 
CA5520 
CA5600 
CAS700 
CA5800 


CAS5800C 
CA5800CS 
CA5800H 
CA5801 
CA5801S 
CA5815 
CA5815C 
CA5815CS 
CA5815H 
CA5900 


MHW5222A 
MHW5342A 
MHW5382A 
MHW5172A 
MHW5172A 
MHW5142A 
MHW5172A 
MHW5182A 
MHW5172A 
MHW5142A 


MHW5222A 
MHW5222A 
MHW1134 
MHW1134 
MHW1224 
MHW1244 
MHW5342A 
MHW5342A 
CA4800C 
CA4800C 


CA4800CS 
CA4800CS 
CA4812C 
CA4812C 
CA4812CS 
CA4812CS 
CA4815C 
CA4815C 
CA4815CS 
CA4815CS 


CA4900 
CA4900S 
CA4912 
CA4912S 
CA4915 
CA4915S 
MHW5182A 
MHW5182A 
MHW5172A 
MHW5142A 


MHW5182A 
MHW5172A 
MHW5142A 
MHW5222A 
MHW5222A 
MHW5185B 
MHW5185B 
MHW5342A 
MHW5382A 
CAS800C 


CASB00C 
CAS800CS 
CAS5800CS 
CA5801 
CA5801S 
CA5815C 
CAS815C 
CA5815CS 
CA5815CS 
CAS900 





CAS900S 
CA5915 
CAS915S 
CA601B/U 
CAG101 
CA6201 
CA6220 
CA636 
CA6501 
CA6520 


CA900 
CA901 
CAQO1A 
CA902 
CA902A 
CA912 
CAg22 
CA922A 
CA97901 
CAB914 


CAR2424H 
CF4-28 
CG125 
CG125A 
CG125B 
CG125C 
CG125D 
CG125L 
CG127 
CG127A 


CG127B 
CR2424 
CR2424A 
CR2424H 
CR2424R 
CR2425 
CR2425A 
CR2425R 
CR2428 
CR3424 


CR3424A 
CR3424H 
CR3424R 
CR3425 
CR3425A 
CR3425R 
CR3428 
DME10 
DME120L 
DME150 


DME2 
DME25 
DME250 
DMESOL 
DME375 
DME375A 
DMESO 
DME75 
DMEG250 
DMEG70 





CA5900S 
CA5915 
CA5915S 
MHW5342A 
MHW6182 
MHW6182 
MHW6182 
MHW5342A 
MHW6185B 
MHW6185B 


CA901 
CAg01 
CASO1A 
CA902 
CA902A 
CA912 
CA922 
CA922A 
CA97901 
CAS01 


CR2424A 
MRF161 
MRF901 
MRF901 
MRF571 
MRF571 
MMBRO11LT1 
MMBRO11LT1 
MRF571 
MRF571 


MRF571 

CR2424A 
CR2424A 
CR2424A 
CR2424R 
CR2425A 
CR2425A 
CR2424R 
CR2428 

CR3424A 


CR3424A 
CR3424A 
CR3424R 
CR3425A 
CR3425A 
CR3424R 
CR3428 
MRF1015MA 
MRF1150MA 
MRF10150 


MRF1002MA 
MRF1035MA 
MRF10350 
MRF1035MA 
MRF10350 
MRF10350 
MRF1090MA 
MRF1090MB 
MRF10350 
MRF1090MA 
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Index and Cross Reference (continued) 


DU28120U MRF174 
DU2820S MRF166 
DU2840S MRF171 
FFI24 MFF124B 
FF124B MFF124B 
FF224 MFF224B 
FF224B MFF224B 
H100-28 MRF422 
H100-50 MRF429 
H175-50 MRF429 


LP1983 LP1983 
LT1001A MRF5812 
(72001 MRFS81 
(T3005 MAFS81 
LT3014 MRFS81 
T3046 MRF5812 
LT3047 MRF9011LT1 
LT3072 MRF9O11LT1 
LT3203 MRFS581 
T3204 MRFS§81 


H50-28 MRF464 
HMIL-100-28 MRF422 
HMIL-150-50 MRF429 
HXTR2102 MMBR911LT1 
HXTR6104 MRF901 
HXTR6105 MRF901 
{MD2001 MRW2001 
IMD2003 MRW2003 
IMD2005 MRW2005 
IMD2010 MRW2010 


LT3700 MRF901 
LT3703 MRF901 
LT3704 MRFS01 
LT3746 MRF5812 
L13772 MRF9O11LT1 
LT4403 BFR96 
LT4404 MRF951 
LT4485 MRF951 
LT4700 MRF901 
(T4703 MMBR911LT1 


IMD604HA MRW2001 
IMD604HB MRW2003 
IMD604HC MRW2005 
J01006 MRF317 
J02000 MRF325 
J02005 MRF325 
J02007A 2N6439 
J02009 MRF325 
302014 MRF326 
J02015A 2N6439 


LT4704 MRFS71 
LT4746 BFR96 
LT4772 MRFS71 
LT5217 MRFS521 
LT5239 MRF821 
M57729/L MHW720A1 
M57729H MHW720A2 
M57734 MHW720A2 
M57739 MHW806A2 
M57739A MHW806A2 


J02016 MRF327 
403012 MRF641 
403015 MRF641 
403025 MRF644 
403028 MRF644 
403037 MRF658 
MRF658 
MRF658 
MRF840 
MRF842 


M5744 MHW812A3 
M57765 MHW804-1 
M57768 MHW812A3 
M57769 MHW806A4 
MS7773 MHW803-1 
M57783H MHW607-2 
M57783L MHW607-1 
M57785H MHW607-2 
M57785L MHW607-1 
M57785M MHW607-2 


MRF844 
MRF844 
MRF847 
MRF847 
MRF892 
MRF894 
MRF247 
MRF247 
MRF247 
MRF 1946 


M57786M MHW707-2 
M57789 MHW812A3 
M57794 MHW806A3 
M57795 MHW803-2 
M57799M MHW707-2 
M67729H MHW720A2 
M67729L MHW720A1 
M67743 MHW105 

M67748H MHW607-2 
M67748L MHW607-1 





MRF247 
MRF1946/MRF247 
MRF247 

MRF247 

MRF247 
MRF177M 
MRF182 

MRF890 

LP1001 

LP1001A 


M67749H MHW707-2 
M67749L MHW707-1 
M67749SH MHW707-4 
M67749UH MHW707-3 
M67766 MHW927A 
M67768 MHW932 
M67769 MHW909 
M67770 MHW912 
M67771 MHW953 
M67779L MHW806A1 
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Index and Cross Reference (continued) 


MC5381 
MC5382 
MC5383 
MC5384 
MC5385 
MC5386 
MC5387 


MC5388 
MC5389 
MC5813 
MC5814 
MC5815 
MC5816 
MC5817 
MC5819 
MC5820 
MC5821 


MC5822 
MC5824 
MFF124 
MFF124B 
MFF224 
MFF224B 
MFF324 
MFF324B 
MHW105 
MHW1121 


MHW1122 
MHW1134 
MHW1222 
MHW1224 
MHW1244 
MHW1341 
MHW1342 
MHW2172 
MHW3171 
MHW3172 


MHW3181 
MHW3182 
MHW3222 
MHW3272A 
MHW3342 
MHW3382A 
MHW4524F 
MHW5122A 
MHW5141A 
MHW5142 


MHW5142A 
MHW5162A 
MHW5171 
MHW5171A 
MHW5172 
MHW5172A 
MHW5181 
MHW5181A 
MHW5182 
MHW5182A 


CROSS REFERENCE AND SALES OFFICES 
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Motorola 
Closest 
Replacement 


MHW806A4 
MHW851-1 

MHWwe51-2 

MHW5182A 
MHW5182A 
MHW5272A 
MHW5182A 
MHW5182A 
MHW5342A 
MHW6182 


MHW6182 
MHW5342A 
MHW1134 
MHW5222A 
MHW5222A 
MHW6222 
MHWweé222 
MHW6182 
MHWe6182 
MHW5342A 


MHW1224 
MHW1244 
MFF124B 
MFF124B 
MFF224B 
MFF224B 
MFF324B 
MFF324B 
MHW105 
MHW5122A 


MHW5122A 
MHW1134 

MHW5222A 
MHW1224 

MHW1244 

MHW5342A 
MHW5342A 
MHW5172A 
MHW5172A 
MHW5172A 


MHW5182A 
MHW5182A 
MHW5222A 
MHW5272A 
MHW5342A 
MHW5382A 
MFF124B 

MHW5122A 
MHW5142A 
MHW5142A 


MHW5142A 
MHW5172A 
MHW5172A 
MHW5172A 
MHW5172A 
MHW5172A 
MHW5182A 
MHW5182A 
MHW5182A 
MHW5182A 





MHW5182R 
MHW5183 
MHW5185 
MHW515B 
MHW5205 
MHW5222 
MHWS52228 
MHW5225 
MHW5272A 
MHW5332 


MHW5332A 
MHW5341 
MHWS5342 
MHW5342A 
MHW5382 
MHW5382A 
MHWS580 
MHWS594 
MHW595 
MHWE607-1 


MHW607-2 
MHW607-3 
MHW607-4 
MHW6122 
MHW6141 
MHW6142 
MHW6171 
MHW6172 
MHW6181 
MHW6182 


MHW6183 
MHW6185 
MHW6185-6 
MHW6185B 
MHW6222 
MHW6272 
MHW6342 
MHW6342F 
MHW703 
MHW704 


MHW707-1 
MHW707-2 
MHW707-3 
MHW707-4 
MHW7182 
MHW720-1 
MHW720-2 
MHW720A1 
MHW720A2 
MHW720A3 


MHW721A2 
MHW801-1 
MHWs801-2 
MHW801-3 
MHW801-4 
MHW802-1 
MHW802-2 
MHW803-1 
MHW803-2 
MHW803-3 





MHW5182R 
MHW5183 

MHW5185B 
MHW5185B, 
MHW5205 ~ 
MHW5222A 
MHW5222A 
MHW65225 

MHW5272A 
MHW5342A 


MHW5342A 
MHW5342A 
MHW5342A 
MHW5342A 
MHW5382A 
MHW5382A 
MHW5342A 
MHW5172A 
MHW5172A 
MHWE607-1 


MHW607-2 
MHW607-3 
MHW607-4 
MHW6122 
MHW6142 
MHWe6142 
MHW6172 
MHW6172 
MHW6182 
MHWe6182 


MHW6183 
MHW6185B 
MHW6185-6 
MHW6185B 
MHWe222 
MHW6272 
MHWe6342 
MHW5342A 
MHW704 
MHW704 


MHW707-1 
MHW707-2 
MHW707-3 
MHW707-4 
MHW7182 
MHW720A1 
MHW720A2 
MHW720A1 
MHW720A2 
MHW720A3 


MHW720A3 
MHW851-1 
MHW851-2 
MHW851-3 
MHW851-4 
MHW803-1 
MHW803-3 
MHW803-1 
MHW803-2 
MHW803-3 
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MHW804-1 

MHW804-2 

MHW806-1 MHW806A1 
MHW806-2 MHW806A2 
MHW806-3 MHW806A3 
MHW806-4 MHW806A4 
MHW806A1 MHW806A1 
MHW806A2 MHW806A2 
MHW806A3 MHW806A3 
MHW806A4 MHW806A4 


MM1666 MRF1946/A 
MM1667 MRF1946/A 
MM1668 MRF1946/A 
MM1669 MRF1946/A 
MM1680 MRF5003 
MM1681 MRF2628 
MM1713 MRFS59 
MM1943 MRF559 
MM1945 MRFS59 
MM4018 MRF5583_ - 


MHW808-1 MHW806A1 
MHW808-2 MHW806A2 
MHW808-3 MHW806A3 
MHW808-4 MHW806A4 
MHW812-3 MHW812A3 
MHW812A3 MHW812A3 
MHW8182 MHW8182 

MHW851-1 MHW851-1 

MHW851-2 MHW851-2 
MHW851-3 MHW851-3 


MM4049 MMBR536LT1 
MM439 MMBR4957LT1 
MM4500 MRF5583 
MM5177 MRF325 
MMs000 MRF5943, 
MM8001 MRF5943 
MM8003 MRF587 
MM8006 MMBRS5031LT1 
MM8007 MMBR5031LT1 
MM8008 MRF5812 


MHW851-4 MHW851-4 
MHW9002-1 MHWw9002-1 
MHW3002-2 MHWw9002-2 
MHW9002-3 MHW9002-3 
MHWws9002-4 MHWw9002-4 
MHW903 MHW903 
MHW909 MHWw909 
MHW912 MHW912 
MHWo914 MHWw914 
MHW915 MHW915 


MM8010 MRF5812 
MM8011 MRF5812 
MM8012 MRF587 
MM8020 MRF951 
MMs8021 MRF951 
MM8023 MRF5943 
MMBR2060 BFS17LT1 
MMBR2060L BFS17LT1 
MMBR2857 MMBR5179LT1 
MMBR2857L MMBR5179LT1 


MHW9182 MHW9182 
MHW927A MHW927A 
MHW927B MHW927B 
MHW932 MHW932 
MHW953 MHW953 
MHW954 MHW954 
MKB12040WS MRF1035MA 
MKB12100WS MRF1090MA 
MKB12140W MRF1090MA 
MM1500 MRF5812 


MMBR4957 MMBR4957LT1 
MMBR4957L MMBR4957LT1 
MMBR4957LT1 MMBR4957LT1 
MMBR5031 MMBRS5031LT1 
MMBR5031L MMBR5031LT1 
MMBR5031LT1 MMBRS5031LT1 
MMBR5179 MMBRS5179LT1 
MMBR5179L MMBR5179LT1 
MMBR5179LT1 MMBRS5179LT1 
MMBR521L MMBR521LT1 


MM1500A MRF5812 
MM1501A MRF§812 
MM1550 MRF321 
MM1551 MRF323 
MM1557 MRF134 
MM1559 MRF137 
MM1601 MRF5003 
MM1602 MRF2628 
MM1603 MRF1946/A 
MM1605 MRF571 


MMBR521LT1 MMBR521LT1 
MMBR536 MMBR536LT1 
MMBRS536L MMBR536LT1 
MMBRS536LT1 MMBRS536LT1 
MMBRS571 MMBRS571LT1 
MMBR571L MMBR571LT1 
MMBR571LT1 MMBR571LT1 
MMBR901 MMBR901LT1 
MMBR901L MMBR901LT1 
MMBRGO1LT1 MMBR901LT1 





MM1606 MRF571 
MM1607 MRF571 
MM1608 MRF5003 
MM1612 MRF5003 
MM1632 MRF138 
MM1633 MRF464 
MM1660 MRF5003 
MM1661 MRF652 
MM1662 MRF653 
MM1665 MRF644 


MMBR911 MMBRO11LT1 
MMBR911L MMBR911LT1 
MMBR911LT1 MMBR911LT1 
MMBR920 MMBR920LT1 
MMBR920L MMBR920LT1 
MMBR920LT1 MMBR920LT1 
MMBR930 MMBR911LT1 
MMBR930L MMBR911LT1 
MMBR931 MMBR931LT1 
MMBR931L MMBR931LT1 
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MMBR931LT1 
MMBR941 
MMBR941BLT1 
MMBR941L 
MMBR941LT1 
MMBR951 
MMBR9S1ALT1 
MMBR951L 
MMBR951LT1 
MO1011B150Y 


MO1011B250Y 
MPS1983 
MPS3866 
MPS536 
MPSS71 
MPS901 
MPS911 
MRi011B150Y 
MR1011B300Y 
MRA0204-30V 


MRA0204-60 
MRA0204-60V 
MRA0204-70 
MRA1000-14L 
MRA1000-7L 
MRA1214-55H 
MRA1417-6 
MRA2000-5L 
MRAL1720-20 
MRAL2023-18 


MRAL2023-3 
MRAL2023-6 
MRAL2327-1.3 
MRAL2327-3 
MRAL2327-12 
MRB12175YR 
MRB12350YR 
MRFO0211 
MRFO211L 
MRFO211LT1 


MRF10005 
MRF1000MA 
MRF1000MB 
MRF1000MC 
MRF1001A 
MRF1002MA 
MRF1002MB 
MRF1002MC 
MRF10030 
MRF10031 


MRF1004MA 
MRF1004MB 
MRF1004MC 
MRF10070 
MRF10120 
MRF10150 
MRF1015MA 
MRF1015MB 
MRF1015MC 
MRF1029 


CROSS REFERENCE AND SALES OFFICES 
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Motorola 
Closest 
Replacement 


MMBR931LT1 
MMBR941LT1 
MMBR941BLT1 
MMBRO41LT1 
MMBRO941LT1 
MMBR951LT1 
MMBR951ALT1 
MMBR951LT1 
MMBR951LT1 
MRF1150MA 


MRF10350 
MPS901 
MPS3866 
MPS536 
MPS571 
MPS901 
MPS911 
MRF1150MA 
MRF10350 
MRF325 


2N6439 
2N6439 
MRF327 
MRA1000-14L. 
MRA1000-7L 
MRF10120 
MRA1417-6 
MRF2000-5L 
MRAL1720-20 
MRAL2023-18 


MRAL2023-3 
MRAL2023-6 
MRAL2023-3 
MRAL2327-3 
MRAL2327-12 
MRF1150MA 
MRF10350 
MRFO211LT1 
MRFO211LT1 
MRFO211LT1 


MRF10005 
MRF1000MA 
MRF1000MB 
MRF1000MA 
MRF5812 
MRF1002MA 
MRF1002MB 
MRF1002MA 
MRF10031 
MRF10031 


MRF1004MA 
MRF1004MB 
MRF1004MA 
MRF10070 
MRF10120 
MRF10150 
MRF1015MA 
MRF1015MB 
MRF1015MA 
MRF1029 





MRF1030 
MRF1031 
MRF1032 
MRF10350 
MRF1035MA 
MRF1035MB 
MRF1035MC 
MRF10500 
MRF1090MA 
MRF1090MB 


MRF1090MC 
MRF1150M 
MRF1150MA 
MRF1150MB 
MRF1150MC 
MRF1250M 
MRF1325M 
MRF134 
MRF136 
MRF136Y 


MRF137 
MRF1375 
MRF138 
MRF140 
MRF141 
MRF141G 
MRF148 
MRF150 
MRF1500 
MRF15030 


MRF15090 
MRF151 
MRF151G 
MRF153 
MRF154 
MRF157 
MRF158 
MRF158R 
MRF 161 
MRF162 


MRF163 
MRF164W 
MRF166 
MRF166C 
MRF171 
MRF172 
MRF173 
MRF173CQ 
MRF174 
MRF175GU 


MRF175GV 
MRF175LU 
MRF175LV 
MRF176GU 
MRF176GV 
MRF177 
MRF177M 
MRF182 
MRF183 
MRF1946 


Motorola 
Closest 
Replacement 


MRF1030 
MRF1031 
MRF1032 
MRF10350 
MRF1035MA 
MRF1035MB 
MRF1035MA 
MRF10500 
MRF1090MA 
MRF1090MB 


MRF1090MA 
MRF10150 
MRF1150MA 
MRF1150MB 
MRF1150MA 
MRF10350 
MRF10350 
MRF134 
MRF136 
MRF136Y 


MRF137 
MRF1375 
MRF138 
MRF140 
MRF141 
MRF141G 
MRF148 
MRF150 
MRF1500 
MRF15030 


MRF15090 
MRF151 
MRF151G 
MRF157 
MRF154 
MRF157 
MRF158 
MRF158R 
MRF161 
MRF162 


MRF163 
MRF164W 
MRF166 
MRF166C 
MRF171 
MRF173 
MRF173 
MRF173CQ 
MRF174 
MRF175GU 


MRF175GV 
MRF175LU 
MRF175LV 
MRF176GU 
MRF176GV 
MRF177 
MRF177M 
MRF182 
MRF183 
MRF1946 
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Index and Cross Reference (continued) 


MRF1946A 
MRF2000-5L 
MRF2001 
MRF2003 
MRF2003B 
MRF2003M 
MRF2005 
MRF2005B 
MRF2005M 
MRF201 


MRF2010 
MRF2010B 
MRF2016M 
MRF203 
MRF212 
MRF216 
MRF 221 
MRF222 
MRF223 
MRF224 


MRF226 
MRF227 
MRF229 
MRF231 
MRF232 
MRF233 
MRF234 
MRF2369 
MRF237 
MRF238 


MRF239 
MRF240 
MRF240A 
MRF243 
MRF245 
MRF247 
MRF248 
MRF2628 
MRF3001 
MRF3001F 


MRF3003 
MRF3003F 
MRF3005 
MRFS005F 
MRF305 
MRF306 
MRF309 
MRF3094 
MRF3095 
MRF3096 


MRF3104 
MRF3105 
MRF3106 
MRF313 
MRF313A 
MRF314 
MRF314A 
MRF315 
MRF315A 
MRF316 


MRF1946A 
MRF2000-5L. 
MRW2001 
MRW2003 
MRW2003 
MRAL2023-3 
MRW2005 
MRW2005 
MRAL2023-6 
MRF5003 


MRW2010 
MRW2010 
MRAL2023-18 
MRF247 
MRF2628 
MRF247 
MRF5015 
MRF1946/A 
MRF1946/A 
MRF224 


MRF5015 
MRF5003 
MRF5003 
MRF5003 
MRF2628 
MRF2628 
MRF1946/A 
MRFO211LT1 
MRF5003 
MRF1946/A 


MRF1946/A 
MRF240 
MRF1946 
MRF247 
MRF247 
MRF247 
MRF247 
MRF2628 
MRW3001 
MRW3001 


MRW3003 
MRW3003 
MRW3005 
MRW3005 
MRF325 
2N6439 
2N6439 
MRF3094 
MRF3095 
MRF3096 


MRF3104 
MRF3105 
MRF3106 
MRF313 
MRF313 
MRF314 
MRF314 
MRF315 
MRF315 
MRF316 
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MRF317 
MRF321 
MRF323 
MRF325 
MRF326 
MRF327 
MRF329 
MRF331 
MRF338 
MRF3866 


MRF390 
MRF392 
MRF393 
MRF401 
MRF402 
MRF4070 
MRF412 
MRF412A 
MRF415 
MRF417 


MRF418 
MRF420 
MRF421 
MRF422 
MRF422A 
MRF426 
MRF426A 
MRF427 
MRF427A 


MRF428 


MRF428A 
MRF429 
MRF430 
MRF433 
MRF435 
MRF4427 
MRF448 
MRF449 
MRF449A 
MRF450 


MRF450A 
MRF451 
MRF452 
MRF453 
MRF453A 
MRF454 
MRF454A 
MRF455 
MRF455A 
MRF458 


MRF458A 
MRF460 
MRF464 
MRF464A 
MRF466 
MRF492 
MRF492A 
MRF5003 
MRF501 
MRF5015 


MRF317 
MRF321 
MRF323 
MRF325 
MRF326 
MRF327 
MRF329 
MRF321 
MRF393 
MRF3866 


MRF177 
MRF392 
MRF393 
MRF426 
MRF4427 
MRF247 
MRF492 
MRF492 
MRF5003 
MRF455 


MRF455 
MRF454 
MRF421 
MRF422 
MRF422 
MRF426 
MRF426 
MRF138 
MRF138 
MRF429 


MRF429 
MRF429 
MRF157 
MRF2628 
MRF422 
MRF4427 
MRF448 
MRF1946/A 
MRF1946/A 
MRF455 


MRF455 
MRF455 
MRF455 
MRF455 
MRF455 
MRF454 
MRF454 
MRF455 
MRF455 
MRF454 


MRF454 
MRF455 
MRF464 
MRF464 
MRF138 
MRF492 
MRF492 
MRF5003 
MMBRS5179LT1 
MRF5015 
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Index and Cross Reference (continued) 


MRF515 
MRF5176 
MRF5177 
MRF5177A 
MRF5178 
MRF521 


MRF5211 
MRFS5211L 
MRF5211LT1 
MRF522 
MRF524 
MRF525 
MRF526 
MRF534 
MRF536 
MRF553 


MRFS55 
MRF557 
MRF5583 
MRF559 
MRF571 
MRFS5711 
MRF5711L 
MRFS741L71 
MRF572 


MRF580 


MRF580A 
MRF581 
MRF5812 
MRF581A 
MRF586 
MRF587 
MRF5943 
MRF601 
MRF602 
MRF603 


MRF604 
MRF605 
MRF616 
MRF618 
MRF619 
MRF620 
MRF628 
MRF629 
MRF630 
MRF6401 


MRF6402 
MRF6403 
MRF6404 
MRF6406 
MRF641 
MRF644 
MRF646 
MRF648 
MRF650 
MRF652 
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MMBR5179171 
MRF5035 
MRF587 
MRF587 
MRFS59 
MRF323 
MRF325 
MRF325 
2N6439 
MRF§21 


MRFS5211LT1 
MRF5211L71 
MRF5211LT1 
MRF521 
MRF521 
MRF5003 
MRFS812 
MPS536 
MPS536 
MRF553 


MRF555 
MRFSS7 
MRF5583 
MRF559 
MRFS571 
MRFS5711LT1 
MRF5711LT1 
MRFS711L71 
MRFS§71 
MRF581 


MRF581A 
MRFS81 
MRF5812 
MRF581A 
MRF5812 
MRF587 
MRF5943 
MRF559 
MRF644 
MRF2628 


MRF4427 
2N6439 
MRF652S 
MRF641 
MRF644 
MRF644 
MRF559 
MRF5003 
MRF5003 
MRF6401 


MRF6402 
MRF6403 
MRF6404 
MRF6406 
MRF641 
MRF644 
MRF650 
MRF650 
MRF650 
MRF652 





MRF652S 
MRF653 
MRF653S 
MRF654 
MRF658 
MRF750 
MRF752 
MRF816 
MRF837 
MRF8372 


MRF838 
MRF838A 
MRF839 
MRF839F 
MRF840 
MRF842 
MRF843 
MRF843F 
MRF844 
MRF846 


MRF847 
MRF870 
MRF870A 
MRF880 
MRF890 
MRF890S 
MRF891 
MRF891S 
MRF892 
MRF894 


MRF896 
MRF896S 
MRF897 
MRF898 
MRF899 
MRF901 
MRF9011 
MRFS011L 
MRF9O11LT1 
MRF902 


MRF904 
MRF905 
MRF911 
MRF912 
MRF914 
MRF931 
MRF9331 
MRF9331L 
MRF9331LT1 
MRF941 


MRF9411 
MRF9411BLT1 
MRF9411L 
MRF9411LT1 
MRF942 
MRF947 
MRF947B 
MRF947BT1 
MRF947T1 
MRF9S51 





MRF652S 
MRF653 
MRF653S 
MRF654 
MRF658 
MRF557 
MRF5003 
MRF837 
MRF837 
MRF8372 


MRF557 
MRF557 
MRF840 
MRF839F 
MRF840 
MRF842 
MRF842 
MRF842 
MRF844 
MRF847 


MRF847 
MRF840 
MRF840 
MRF880 
MRF890 
MRF890S 
MRF891 
MRF891S 
MRF892 
MRF894 


MRF896 
MRF896S 
MRF897 
MRF898 
MRF899 
MRF901 
MRF9O11LT1 
MRF9011LT1 
MRF9O11LT1 
MRF901 


MRF9011LT1 
MRF5812 
MRFS71 
MMBR911LT1 
MRFS71 
MRF9331LT1 
MRF9331LT1 
MRF9331LT1 
MRF9331LT1 
MRF941 


MRF9411LT1 
MRF9411BLT1 
MRFO411LT1 
MRF9411LT1 
MRF941 
MRF947T1 
MRF947BT1 
MRF947BT1 
MRF947T1 
MRF951 
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MRF9511 
MRF9511L 
MRF9511LT1 
MRF952 
MRF957 
MRF957T1 
MRF961 
MRF962 
MRF965 
MRFA2600 


MRFA2602 
MRFIC2001 
MRFIC2002 
MRFIC2003 
MRFIC2004 
MRFIC2006 
MRFQ17 
MRFQ19 
MRTO0105-75 
MRTO0105-75V 


MRT0204-110V 
MRT0204-125 
MRW2001 
MRW2001F 
MRW2003 
MRW2003F 
MRW2005 
MRW2005F 
MRW2010 
MRW2010F 


MRW3001 

MRW3001F 
MRW3003 

MRW3003F 
MRW3005 

MRW3005F 
MRW52102 
MRW52104 
MRW52202 
MRW52204 


MRW52402 
MRW52502 
MRW52602 
MRW52604 
MRW53101 
MRW53201 
MRW53401 
MRW53402 
MRWS53502 
MRW53601 


MRW54001 
MRW54601 
MSC1000M 
MSC1002M 
MSC1004M 
MSC1015M 
MSC1035M 
MSC1075M 
MSC1090M 
MSC1175M 


Motorola 
Closest 
Replacement 


MRF9511LT1 
MRF9511LT1 
MRF9511LT1 
MRF951 
MRF957T1 
MRF957T1 
MRF951 
MRF951 
BFR96 
MRFA2600 


MRFA2602 
MRFIC2001 
MRFIC2002 
MRFIC2003 
MRFIC2004 
MRFIC2006 
MRFQI7 
BFR96 
MRF393 
MRF393 


MRF392 

MRF392 

MRW2001 
MRW2001 
MRW2003 
MRW2003 
MRW2005 
MRW2005 
MRW2010 
MRW2010 


MRW3001 
MRW3001 
MRW3003 
MRW3003 
MRW3005 
MRW3005 
MRW52602 
MRW52604 
MRW52602 
MRW52604 


MRW52602 
MRW52602 
MRW52602 
MRW52604 
MRW53601 
MRW53601 
MRWS53601 
MARW53502 
MRW53502 
MRW53601 


MRW54001 

MRW54601 

MRF1000MA 
MRF1002MA 
MRF1004MA 
MRF1015MA 
MRF1035MA 
MRF1090MA 
MRF1090MA 
MRF10150 
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Industry 
Part 
Number 


MSC1250M 
MSC1325M 
MSC2001 
MSC2003 
MSC2005 
MSC2010 
MSC8020M 
MSC82001 
MSC82003 
MSC82005 


MSC82005M 
MSC82010 
MSC82201 
MSC82203 
MSC82304M 
MSC82313M 
MWAS121 
MX20-1 
MX20-2 
MXR100 


MXR3866 
MXR5583 
MXR6571 
MXR5943 
MXR911 
NE020320-12 
NE020320-28 
NE020620-07 
NE021020-12 
NE021020-28 


NE02107 
NE02132 
NE02133 
NE02137 
NE022025-12 
NE022025-28 
NE022526-12 
NE024027-28 
NE028029-12 
NE028029-28 


NE050214-12 
NE050320-12 
NE051020-28 
NE051025-12 
NE051525-12 
NE052025-28 
NE080420-12 
NE21935 

NE21937 

NE22120 


NE24615 
NE24620 
NE32702 
NE32707 
NE41603 
NE41607 
NE41610 
NE41612 
NE41615 
NE41620 


Motorola 
Closest 
Replacement 


MRF10350 
MRF10350 
MRW2001 
MRW2003 
MRW2005 
MRW2010 
MRAL2023-18 
MRW2001 
MRW2003 
MRW2005 


MRAL2023-6 
MRW2010 
MRW2001 
MRW2003 
MRAL2023-6 
MRAL2023-18 
MHW5172A 
MHW720A1 
MHW720A2 
MRF5812 


MRF3866 
MRF5583 
MRFS711LT1 
MRF5943 
MMBRO11LT1 
MRF5003 
MRF321 
MRF653 
MRF653 
MRF321 


MRFS71 
MPSS571 
MMBRS71LT1 
MRFO211LT1 
MRF2628 
MRF314 
MRF1946/A 
MRF315 
MRF247 
MRF316 


MRF5003 
MRF5003 
MRF321 
MRF653 
MRF654 
MRF323 
MRF840 
MRFS571 
MRF574 
MRF587 


MRF5812 
MRF587 
MMBR911LT1 
MMBR911LT1 
MRF951 
MRF951 
BFR96 
BFR96 
BFR96 
MRF587 
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Index and Cross Reference (continued) 


NE41635 
NES7510 
NES7520 
NES7803 
NES7807 
NES9312 
NE59335 
NE59503 
NE64310 
NE64320 


NE68132 
NE68133 
NE68137 
NE73412 
NE73432 
NE73433 
NE73435 
NE73437 
NE74014 
NE74020 


NE74113 
NE74114 
NE77320 
NE85632 
NE85633 
NE85637 
NE88912 
NE88933_ 
NEL080120-24 
NEM020C29-28 


NEM050C29-28 
NEM054029-28 
NEM056029-12 
NEM056029-28 
NEM080481E-12 
NEMO081081B-12 
NEMOB1081E-12 
NEM082081B-12 
NEM084081B-12 
NEM085081B-12 


NEM090701-7 
NEM092081B-28 
NEM094081B-28 
NEM2305B-20 
ON4184 
PEEO015U 
PEE0020U 
PEE0035U 
PH0105-100 
PH0412H 


PH0425H 
PHO450D 
PHO450H 
PHOS506H 
PHO512H 
PHO0525H 
PHOSS50H 
PH1100C 
PH1100H 
PH1110C 
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MRF951 
MRF5812 
MRF587 
MRF941 
MRF941 
MMBRS536LT1 
MRF5812 
MRF581 
MRF5812 
MRF587 


MPS571 
MMBR571LT1 
MRFS71 
MRF571 
MMBRO11LT1 
MMBRO11LT1 
MMBRO11LT1 
MMBR911LT1 
MRF5812 
MRF587 


MRF5812 
MRF5812 
MRF587 
MPS571 
MMBR571LT1 
MRFS571 
MMBR536LT1 
MMBR536LT1 
MRFe90 
MRF317 


MRF327 
MRF325 
MRF658 
2N6439 
MRF839F 
MRF@40 
MRF842 
MRF842 
MRF844 
MRF847 


MRF840 
MRF892 
MRF894 
MRAL2023-6 
MPS901 
MRF323 
MRF323 
MRF325 
MRF393 
MRF321 


MRF325 
2N6439 
2N6439 
MRF321 
MRF321 
MRF325 
2N6439 
MRF1150MA 
MRF1150MA 
MRF1015MA 





PH1150C 
PH1175 
PH2003C 
PH2005C 
PH2020C 
PH8193 
PHA3317-1 
PHA3317-2 
PHA3318-1 
PHA3318-2 


PHA3334-2 
PHA4517-1 
PHA4517-2 
PHA4518-1 
PHA4518-2 
PHA4534 
PHAS018-1 
PHAS018-2 
PHAS034 
PKB20010U 


PME04030U 
PT3501 
PT3503 
PT3535 
PT3536 
PT3537 
PT3570 
PT3571 
PT3571A 
PT3690 


PT4537 
PT4555 
PT4570 
PT4572A 
PT4574 
PT4579 
PT4599G 
PT4617 
PT5695 
PT5701 


PT5740 
PT5741 
PT5788 
PT6665A 
PT8549 
PT8554A 
PT8717 
PT8769 
PT8809 
PT8809A 


PT8809S 
PT8810 
PT8811 
PT8811A 
PT8825 





MRF1090MA 
MRF1150MA 


MHW5172A 
MHW5172A 
MHW5182A 
MHW5182A 


MHW5272A 
MHWS5172A 
MHW5172A 
MHW5182A 
MHW5182A 
MHW5342A 
MHW6182 

MHW6182 

MHW5342A 
MRW2010 


MRF325 
MRF4427 
MRF5003 
MRF4427 
MRF553 
MRF5003 
MRF587 
MRF5943 
MRF5943 
MRF134 


MRF5003 
MRF1946/A 
MRF587 
MRF587 
MRF587 
MRF5812 
MRF5812 
MRF587 
MRF2628 
MRF4427 


MRF2628 
MRF1946/A 
MRF464 
MRF464 
MRF5003 
MRF492 
MRF5003 
MRF2628 
MRF5003 
MRF5003 


MRF652S 
MRF652 
MRF653 
MRF653 
MRF644 
MRF2628 
MRF1946/A 
MRF2628 
MRF1946/A 
MRF1946/A 
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industry Motorola 
Part Closest 
Number Replacement 


PT8854 MRF492 
PT8854A MRF492 
PT8860 MRF4427 
PT8861A MRF5003 
PT8863 MRF1946/A 
PT8863A MRF1946/A 
PT8864 MRF224 
PT8864A MRF1946/A 
PT8865 MRF492 
PT8865A MRF492 


Motorola 
Closest 
Replacement 


RF1031 MRF1031 
RF1032 MRF1032 
RF105 MRF421 
RF110 MAF421 
RFI4 MRF455 
RFI5 MRF455 
RFI6 MRF455 
RF2081 MRF247 
RF2092 MRF455 
RF2123 MRF1946/A 


PT8866 MRF5003 
PT8870A MRF2628 
PT8871 MRF652S 
PT8871A MRF5003 
PT8873A MRF2628 
PT8874 MRF224 
PT8874A MRF1946/A 
PT8877 MRF5003 
PT8881 MRF652S 
PT8881A MRF5003 


RF2127 MRF247 
RF2135 MRF1946/A 
RF2143 MRF454 
RF2144 MRF224 
RF23 MRF224 
RF25 MRF455 
RF3094 MRF3094 
RF3095 MRF3095 
RF3096 MRF3096 
RF3104 MRF3104 


PT8889 MRF5812 
PT9073B MRF321 
PT9701B MRF321 
PT9702 MRF323 
PT9702B MRF323 
PT9703 MRF321 
PT9703B MRF321 
PT9704 MRF325 
PT9704A MRF325 
PT9704B MRF163 


RF3105 MRF3105 
RF3106 MRF3106 
RF35 MRF455 
RF45 MRF455 
RF46 MRF1946/A 
RF48 MRF1946/A 
RF49 MRF1946/A 
RF85 MRF454 
RFA6031 MRFA2600 
RFA6060 MRFA2602 


PT9730 MRF161 
PT9731 MRF314 
PT9732 MRF321 
PT9734 MRF323 
PT9776 MRF492 
PT9776A MRF492 
PT9780 MRF422 
PT9780A MRF422 
PT9782 MRF317 
PT9782A MRF317 


RFA8090B RFA8090B 

RFA8180B RFA8180B 

S-AU11 MHW806A3 
S-AU16H MHW707-2 
S-AU27L MHW720A1 
S-AU27M MHW720A2 
S-AU31 MHW806A3 
S-AU9 MHW812A3 
S-AVi6H MHW607-2 
S-AVI6L MHW607-1 


PT9783 MRF464 
PT9783A MRF464 
PT9784 MRF454 
PT9784A MRF454 
PT9785 MRF421 
PT9788 MRF426 
PT9788A MRF426 
PT9790 MRF429 
PT9795 MRF1946/A 
PTO795A MRF2628 


S-AVI6VH MHW607-2 
$D1005 MRF587 
$D1006 MRF5943 
$D1007-1 MRF587 
$D1012 MRF5003 
$D1013 MRF134 
$D1014-2 MRF2628 
SD1015 MRF314 
$D1018 MRF1946/A 
$D1018-15 MRF224 





PT9796 MRF1946/A 
PT9796A MRF1946/A 
PT9798 MRF429 
PT9847 MRF421 
PTE801 MRF890 
RF1004 MRF1946/A 
RF1023 MRF321 
RF1023R MRF321 
RF1029 MRF1029 
RF1030 MRF1030 


$D1018-6 MRF224 
$D1019 MRF316 
$D102-6 MRF313 
$D102-7 MRF313 
$D1021 MRF2628 
$D1022 MRF1946/A 
$D1074 MRF455 
$D1076 MRF454 
$D1078 MRF464 
$D1080-4 MRF4427 
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Index and Cross Reference (continued) 


$D1080-7 

$D1087 

$D1088 

$D1095 

$D1096 

$D1098 

$D1099 

$D1124 MRF247 
$D1127 MRF5003 
$D1131 MRF5003 


$D1331 MRFS71 
$D1332 MRF901 
$D1333 MRF951 
$D1334 MRF581 
$D1347-7 MRF4427 
$D1375 MMBR4957LT1 
$D1398 TP3006 
$D1400-2 MRF892 
$D1400-3 MRF892 
$D1401 MRF894 


$D1132-5 MRF557 

$D1133 MRF2628 
$D1133-1 MRF2628 
SD1134 MRF5003 
$D1134-1 MRF5003 
SD1135 MRF652 

$D1135-3 MRF652S 
$D1136 MRF653 

$D1143 MRF2628 
$D1146 MRF2628 


$D1402 MRF559 
$D1403 MRF429 
$D1405 MRF454 
$D1407 MRF422 
$D1407-8 MRF317 
SD1409 MRF840 
SD1410 MRF840 
$D1410-1 MRF842 
$D1410-3 MRF840 
801411 MRF448 


$D1148 MRF321 
$D1149 MRF323 
SD1150 MRF652 
$D1150-3 MRF652S 
$D1168 MRF1946/A 
SD1174 MRF5003 
SD1177 MRF5003 
$01200 MRF3866 
$D1212-2 MRF5003 
$D1214-12 MRF2628 


$D1412 MRF842 
$D1412-3 MRF842 
$D1414 MRF847 
$D1415 MRF247 
$D1416 MRF247 
$D1418 MRF842 
$D1420 TP3020A 
$D1420-1 MRF890S 
$D1421 MRF844 
$D1422 MRF644 


SD1216 MRF1946/A 
$D1218 MRF1946/A 
$D1220 MRF134 
$D1220-1 MRF134 
$D1224-10 MRF138 
$D1224-2 MRF315 
$D1224-4 MRF138 
$D1229-1 MRF1946/A 
$D1229-7 MRF1946/A 
$D1242-5 MRF134 


$D1423 TP3022B 
$D1424 TP3024B 
$D1426 MRF898 
$D1427 MRF247 
$D1428 MRF247 
$D1429 MRF641 
$D1429-3 MRF641 
$D1430 MRF1946/A 
$D1433 MRF653 
$D1438 MRF316 


$D1245 MRF321 
$D1256 MRF5003 
$1272 MRF1946/A 
$D1272-2 MRF1946/A 
$D1273 MRF240 
$01274 MRF1946/A 
$D1274-1 MRF1946/A 
$D1275 MRF240 
$D1275-1 MRF224 
$D1278 MRF240 


$D1438-2 MRF317 
$D1439 TPV596A 
$D1444 MRF5003 
$D1446 MRF492 
$D1448 TPV598 
$D1449 TPV597 
$D1450 MRF422 
$D1451 MRF455 
$D1451-1 MRF455 
$D1452 MRF454 


$D1288 MRF455 
$D1289 MRF455 
$D1295 MRF421 
$D1299 MRF326 
$D1308 MRF5812 
$D1309 MMBR5179LT1 
$D1315 MRF587 
$D1316 MRF5812 
$D1317 MRF587 
$D1330 MRF571 


$D1461 MRF313 
$D1462 MRF327 
$D1463 MRF392 
$D1464 MRF393 
$D1466 MRF326 
$D1467 MRF326 
$D1468 MRF327 
$D1469 MRF329 
$D1470 MRF329 
$D1475 MRF321 
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Index and Cross Reference (continued) 


Motorola 
Closest 
Replacement 


$D1484-10 MRF4427 
SD1487 MRF421 
$D1490 TPV7025 
$D1492 TPV8200B 
SD1495 MRF894 
$D1495-3 MRF894 
$D1496 MRF898 
SD1496-3 MRF898 
$D1499 - MRF393 
$D1499-1 MRF658 


$D1904-1 MRF163 
$D1905 MRF171 
SD1906-1 MRF173 
$D1907 MRF173 
$D1908-1 MRF174 
$D1912 MRF141 
$D1912-2 MRF141G 
$D1918 MRF148 
$D1920 MRF151 
$D1920-2 MRF151G 


$D1512 MRF10005 

$D1513 MRF10031 

$D1514 MRF10150 

$D1520 MRF1000MA 
$D1520-3 MRF1000MB 
SD1522 MRF1000MA 
$D1522-3 MRF1002MB 
$D1522-4 MRF1002MA 
$D1524 MRF1004MA 
$D1524-1 MRF1004MB 


$D4011 TPV598 
$D4590 MRF899 
$T1001 MAF166 
ST1002 MRF171 
$T1004 MRF173CQ 
ST1005 MRF173 
ST1006 MRF175LV 
ST1007 MRF164W 
ST1010 MRF174 
ST1011 MRF174 


$D1528 MRF1035MA 
SD1528-6 MRF1035MB 
$D1530 MRF1035MA 
$D1530-1 MRF1035MB 
$D1532 MRF1090MA 
$D1534 MRF1090MA 
$D1534-1 MRF1090MB 
$D1536 MRF1090MA 
$D1536-3 MRF1090MB 
$D1538 MRF1150MA 


ST1014 MRF166C 
$T1015 MRF177M 
ST1016 MRF136Y 
ST1019 MRF177 
ST1020 MRF175GU 
$T1027 MRF141G 
$T1028 MRF141G 
STM915-12 MHW912 
TAN15 MRF1015MA 
TAN150H MRF1150MA 


$D1538-2 MRF10150 
$D1538-8 MRF 10150 
$D1540 MRF10350 
$D1540-8 MRF10350 
$D1541 MRF10500 
$D1541-1 MRF10500 
$D1541-9 MRF 10500 
$D1542 MRF10500 
$D1546-1 MRF1090MB 
$D1554 MRF10070 


TAN250A MRF10350 
TAN75 MRF1090MA 
TCC0105-100 MRF393 
TCC0204-125 MRF392 
TCC1720-20 MRAL1720-20 
TCC2023-16 MRAL2023-18 
TCC2023-6 MRAL2023-6 
TCC20L08 MRF3095 
TCC20L15 MRF3096 
TCC2100 MRF3094 


$D1555 MRF10070 
$D1556 MRF10350 
$D1557 MRF10350 
$D1650 TP3061 
SD1658 TP3062 
SD1680 TP3069 
$D1724-1 MRF464 
$D1726 MRF429 
$D1727 MRF429 
$D1728 MRF 448 


TCC2223-18 MRAL2023-18 
TCC2223-3 MRAL2023-3 
TCC3000 MRW3001 
TCC3001 MRW3001 
TCC3003 MRW3003 
TCC3005 MRW3005 
TCC598 TPV598 
TDS570 TPVS595A 
TDS595 TPVS95A 
TP1940 MRF151G 





$D1729 MRF422 
$D1730 MRF422 
$D1731 MRF448 
$D1732 TPV595A 
$D1847 TP62601 
$D1900 MRF134 
$D1900-1 MRF161 
$D1902 MRF136 
$D1902-1 MRF162 
$D1904 MRF137 


TP2031 MRF5003 
TP2033 MRF1946/A 
TP2034 MRF1946/A 
TP2034F MRF224 
TP2037 MRF1946/A 
TP212 MRF5003 
TP2180 MRF247 
TP2300 MRF5003 
TP2304 MRF1946/A 
TP2314 MRF5003 
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Index and Cross Reference (continued) 


Motorola 
Closest 
Replacement 


Motorola 
Closest 
Replacement 


TP2317 MRF1946/A 
TP2325 MRF1946/A 
TP2330 MRF1946/A 
TP2330F MRF1946/A 
TP2335 MRF1946/A 
TP2370 MRF247 
TP2502 MRF652S 
TP2503 MRF652 
TP2505 MRF652 
TP2505S MRF652 


TP4025 MRF6403 
TP4035 MRF6404 
TP491 MMBRQ11LT1 
TP5002S TP5002S 
TP5015 TP5015 
TP5050 TP5051 
TP5051 TP5051 
TP62601 TP62601 
TP8828 MRF2628 
TP9390 MRF151G 


TP2510 MRF653 
TP2511 MRF653 
TP2520 MRF644 
TP254 MRF652 
TP3004 TP3006 
TP3005 TP3005 
TP3006 TP3006 
TP3007S TP3007S 
TP3008 TP3008 
TP3009 MRF557 


TPA0102-130 MRF392 
TPR10 MRF1015MB 
TPR150 MRF1150MB 
TPRSO MRF1090MB 
TPV1325B MRF151G 
TPV3250B MRF151G 
TPV5055B TPV5055B 
TPV595A TPV595A 
TPV596 TPV596A 
TPVS96A TPVS96A 


TP3009S MRF557 
TP301 MRFS57 
TP3010 MRF557 
TP3010S MRFSS7 
TP3011 MRF840 
TP3011S MRF840 
TP3012 MRF842 
TP3013 MRF840 
TP3015 MRF842 
TP3019S TP3019S 


TPV597 TPV597 
TPV598 TPV598 
TPV6030 TPV6030 
TPV6080B TPV8200B 
TPV657 TPV595A 
TPV695A TPV695A 
TPV695B TPV5055B 
TPV698 TPV598 
TPV7025 TPV7025 
TPV8100B TPV8100B 


TP301S MRF557 
TP302 ‘| MRF840 
TP3020A TP3020A 
P3021 TP3021 

TP3022A TP3022B 
TP3022B TP3022B 
TP3023 TP3005 

TP3024A TP3024B 
TP3024B TP3024B 
TP302S MRF840 


TPV8200B TPV8200B 
TRF559 MRF559 
TRW2001 MRW2001 
TRW2003 MRWw2003 
TRW2005 MRW2005 
TRW2010 MRW2010 
TRW3001 MRW3001 
TRW3003 MRW3003 
TRW3005 MRW3005 
TRW52102 MRW52602 
TP303 MRF840 
TP3032 TP3032 
TP3034 TP3034 
TP303S MRF840 
TP3040 TP3061 
TP3060 TP3061 
TP3061 TP3061 
TP3062 TP3062 
TP3064 TP3064 
TP3069 TP3069 


TRW52104 MRW52604 
TRW52202 MRW52602 
TRW52402 MRW52602 
TRW52502 MRW52602 
TRW52602 . MRW52602 
TRWS52604 MRW52604 
TRW53101 MRW53601 
TRW53201 MRW53601 
TRW53401 MRW53601 
TRW53502 MRW53502 
TP3093 MRF5812 
TP312 BFR96 
TP3401 MRF587 
TP3401S MRF581 
TP393 MMBR911LT1 
TP394 MRF5812 
TP4001 MRF6401 
TP4001S MRF6401 
TP4004 MRF6402 
TP4012 MRF6406 


TRW53601 MRW53601 
TRW54001 MRW54001 
TRW54402 MRWS53502 
TRW54601 MRW54601 
TRW62601 TP62601 
UF2801KI MRF158R 
UF28100V MRF177 
UF2815B MRF166C 
UF2820P MRF136Y 
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Index and Cross Reference (continued) 


Motorola 
Closest ‘ Page 
Replacement No. 


TPV596A TPV7025 


TPV597 TPV8100B 
TPV598 TPV7025 
TPV695A MRF141 
TPV695A 
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MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES 
AUTHORIZED NORTH AMERICAN DISTRIBUTORS 
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UNITED STATES Woodland Hills Schaumburg 
Hamilton Hallmark ......... (818)594-0404 Newark ...0.........000 0s (708)310-8980 
Richardson Electronics .... (615)594-5600 Time Electronics .......... (708)303-3000 
ALABAMA COLORADO INDIANA 
a: Lakewood . A 
Huntsville i - Indianapolis 
Arow/Schweber Electronics . (205)837-6955 i euepeeire naan (ouside e00e ArrowiSchweber Electronics . (317)299-2071 
Future Electronics .. (205)830-2322 Nowa ene (719)592-9494 Hamilton Hallmark ........ (317)872-8875 
Hamilton Hallmark . . (205)837-8700 Danvers se mae ay Newark ......... 0... ee eee (317)259-0085 
Newark ..... cents (205)837-9091 Newark .....cccccececeeee (308)757-3351 Time Electronics .......... (708)303-3000 
Time Electronics ........... (205)721-1133 Englewood Ft. Wayne 
re ‘Arrow/Schweber Electronics . (303)799-0258 Newark ............00000 (219)484-0766 
none Hamilton Hallmark ........ (303)790-1662  Igwa 
Phoenix Time Electronics .......... (303)721-8882 : 
Future Electronics ......... (602)968-7140 Thornton Cedar Rapids 
Hamilton Hallmark . . (602)437-1200 Wyle Laboratories ......... (303)457-9953 Newark ..............00 05 (319)393-3800 
i (602) Time Electronics (814)391-6444 
Newark Electronics an (602)864-9905 CONNECTICUT  — i ( 
Wyle Laboratories ......... (602)437-2088 Chesire KANSAS 
Tempe Future Electronics ......... (203)250-0083 
‘Arrow Schweber Electronics. \(602)491-0030 Hamilton Hallmark ........ (203)271-2844 enone Electronics . (919)541-9542 
Tie SCN Masa eats eee Southbury _ Hamilton Hallmark ........ (913)888-4747 
CALIFORNIA Time Electronics .......... (203)271-3200 Overland Park 
Wallingfort ; Future Electronics ......... (913)649-1531 
Agoura Hills Arow/Schweber Electronics . (203)265-7741 Newark ...........0. eee (913)677-0727 
ime Electronics Corporate .. (818)707-2890 Windsor -6444 
Belmont Newark ......scceceeeeees (203)683-8860 Time Electonics’ sos rete Bi4ee! 
Pele age is see. (415)592-9225 FLORIDA MARYLAND 
Arrow/Schweber Electronics . (81 7 Altamonte Springs Beltsville 
Wyle Laboratories - hae ‘ feleieed 000 Future Electronics ......... (407)767-8414 Newark 2.0.00... 00sec eee (301)604-1700 
Chatsworth Clearwater Columbia , 
Future Electronics ......... (818)772-6240 Future Electronics ......... (813)530-1222 Arrow/Schweber Electronics . (301)596-7800 
Time Electronics ........ (818)998-7200 Deerfield Beach Future Electronics ......... (410)290-0600 
Costa Mesa ene Arrow/Schweber Electronics . (305)429-8200 Hamilton Hallmark ........ (410)988-9800 
Hamilton Hallmark ..... (714)641-4100 Ft. Lauderdale Time Electronics .......... (301)964-3090 
CulverCity Future Electronics ......... (305)351-0660 
Harnilton Helimark 213)858-2000 Hamilton Hallmark . .. (805)767-6377 | MASSACHUSETTS 
Irvine Doge aaa Time Electronics .......... (305)484-1778 Boston 
Arrow/Schweber Electronics (714)587-0404 us on ee es ; pneneer Arrow/Schweber Electronics . (508)658-0900 
Future Electronics ......... (714)250-4141 now Electronics. (407)333- Bolton 
Wyle Laboratories Corporate . (714)753-9953 Largo/Tampa/St. Petersburg Future Corporate .......... (508)779-3000 
Wyle Laboratories (714)863-9953 Hamilton Hallmark ......... (813)541-7440 Burlington 
Mountain View _ Newark .......... .. (813)287-1578 Wyle Laboratories ......... (617)272-7300 
Richardson Electronics .... (415)960-6900 Palit + (407)841-6565 car base (eanessbeis 
llando  ———‘“‘“<iCS™ststs NOWAK eee 
Orange Newark «0.0... ..ce cece eee (407)896-8350 Norwell 
Newark ..........0...000 (714)634-8224 ‘ 
Rocklin Time Electronics .......... (407)841-6565 Richardson Electronics .... (617)871-5162 
Hamilton Halimark ........ (916)624-9781 Plantation Peabody 
Sacramento Newark .............0.045 (305)424-4400 Time Electronics .......... (508)532-9900 
Newark ........cceceeeeee (916)721-1633 Winter Park ; Hamiltion Hallmark ........ (508)532-3701 
Wyle Laboratories ......... (916)638-5282 Richardson Electronics .... (407)644-1453 MICHIGAN 
San Diego Hamilton Hallmark ........ (407)657-3800 ; 
Arrow/Schweber Electronics (619)565-4800 GEORGIA Detroit 
Future Electronics ......... (619)625-2800 ‘Atlanta Piers uo te (313)967-0600 
tien Nene ; a Geer Time, Electonics ie tres (404)351-3545 Fulure Electronics ........ (616)698-6800 
nee e teens . os Duluth as a 
Wyle Laboratories Readies tae (619)565-9171 Arrow/Schweber Electronics . (404)497-1300 sgt ale Renee Electronics . (313)462-2290 
Sen Francie (418)871-8800 Hamilton Halimark ........ (404)623-5475 Future Electronics ......... (313)261-5270 
ins a . Norcross Hamilton Hallmark ........ (313)416-5800 
San dose , Future Electronics ......... (404)441-7676 TinaEnaiorice <i. csckk. renabesot 
eee, een _Wosnee at 
: Time Electronics .......... (404)368-0969 MINNESOTA 
Future Electronics .......... (408)434-1122 0%} 1s : 
Santa Clara ILLINOIS Eden Prairie : 
Wyle Laboratories ......... (408)727-2500 Bensenville Arrow/Schweber Electronics . (612)941-5280 
Sunnyvale Hamilton Hallmark ......... (708)860-7780 Future Electronics ......... (612)944-2200 
Hamilton Halimark ......... (408)743-3300 Chicago Hamilton Hallmark .. .. (612)881-2600 
Time Electronics .......... (408)734-9888 Newark Electronics Corp. .. (312)784-5100 Time Electronics shale seston. (612)943-2433 
Torrance Hoffman Estates . Minneapolis 
Time Electronics .......... (310)320-0880 Future Electronics ......... (708)882-1255 N@WAIK, sou ass cies veers es (612)331-6350 
Tustin Itasca MISSOURI 
Time Electronics .......... (714)669-0100 Arrow/Schweber Electronics (708)250-0500 
West Hills LaFox Earth City 
Newark .............2.008 (818)888-3718 Richardson Electronics .... (708)208-2401 Hamilton Hallmark ........ (314)291-5350 
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UNITED STATES -— continued Dayton WASHINGTON 
Future Electronics ......... (513)439-5700 
el age esha Oe tmnac Electronics Corp. ... (206)649-0982 
MISSOURI - continued Maytield Heights Pease (614) Newatk ....00cccccccecees (206)641-9800 
St. Louis Future Electronics ......... (216)449-6996 aa Electronics .... (206)646-7224 
Arrow/Schweber Electronics . (314)567-6888 Solon F 
Future Electronics ......... (314)469-6805 Arrow/Schweber Electronics . (216)248-3990 Biche ragadaas teteeeees (206)489-3400 
aly Wigner oles dacalarseig eed (314)298-2505 Hamilton Hallmark ......... (216)498-1100 Hamilton Hallmark ......... (206)881-6697 
ime Electronics .......... (314)391-6444 Worthington A 
Hamilton Hallmark (614)888-3313 Time Electronics .. «+ (206)820-1525 
liars Wyle Laboratories .......... (206)881-1150 
NEW JERSEY OKLAHOMA Sockane 
Cherry Hill Tulsa Arrow/Almac Electronics Corp. (509)924-9500 
Hamilton Hallmark ......... (609)424-0100 Hamilton Hallmark ........- (918)254-6110 
Fairfield Newark .......0...c0e0ee (918)252-5070 + WISCONSIN 
iia (201)882-0300 OREGON Brookfield cones . 4r4yraeors0 
Arrow/Schweber Electronics . (609)596-8000 Beaverton rrowi/Schweber Electronics. 
Future Electronics ......... (ecs)s0e-4080 Arrow/Almac Electronics Corp. (503)629-8090 Future Electronics: Ula sraeead 
Pinebrook Future Electronics ......... (503)645-9454 Milwaukee _ 
Arrow/Schweber Electronics . (201)227-7880 Wyle Laboratories ......... (503)643-7900 ee aan setteetees (708)303-3000 
Parsippany Hamilton Hallmark ........ (503)526-6200 lew Berlin aay 
Future Electronics ......... (201)299-0400 Portland aan seteeees (414)797-7844 
Hamilton Hallmark ........ (201)515-1641 Newark .........-.-.0005- (603)297-1984 Newark (414)459-9100 
Wayne Time Electronics .......... (503)626-2979 treet sesecsess 
Time Electronics .......... (201)785-8250 PENNSYLVANIA 
King of Prussia 
NEW MEXICO Nani Wid CGA EAA weds (215)265-0933 CANADA 
Albuquerque Montgomeryville 
Alliance Electronics ....... (505)292-3360 Richardson Electronics .... (215)628-0805 
Hamilton Hallmark ......... (505)828-0360 Philadelphia 
Newark ...........0000008 (505)828-1878 Time Electronics .......... (609)596-6700 ALBERTA 
Pittsburgh Calgary 
NEW YORK Artow/Schweber Electronics . (412)963-6807 Electro Sonic inc. ........ (403)255-9550 
Commack Newark ............2.0005 (412)788-4790 Future Electronics . (403)250-5550 
Newark .........0.0.c000s (516)499-1216 Time Electronics .......... (614)794-3301 Hamilton Hallmark (800)663-5500 
Fairport TENNESSEE Edmonton 
Hamilton Hallmark Electronics(716)425-3300 Franklin Future Electronics ......... (403)438-2858 
Hauppauge Seep econ Richardson Electronics .... (615)791-4900 Hamilton Hallmark ........ (800)663-5500 
Arrow/Schweber eS : Knoxville 
ae Electronics ......... (516)234-4000 Newark .......ccccccseeee (615)588-6493 BRITISH COLUMBIA 
onkoma Vancouver 
Hamilton Hallmark ........ (516)737-0600 bein Arrow Electronics (604)421-2333 
eos Baal Aces 2 wigsatasel ‘Arrow/Schweber Electronics . (512)885-4180 Electro Sonic Inc. .. . . (604)273-2911 
Loy sow Future Electronics (512)502-0991 Future Electronics... - - (604)294-1166 
Rochester | oP RT a ee Hamilton Hallmark - (604)420-4101 
Arrow/Schweber Electronics . (716)427-0300 Hamilton Haas 2 22 (lee56-6848 NeWatk ....cccceceeeeeees (800)463-9275 
Future Electronics .......... (716)272-1120 Newark .......-...ee scene (512)338-0287 
Hamilton Hallmark ......... (716)292-0730 Time Electronics .......... (512)346-7346 MANITOBA 
Richardson Electronics ..... (716)264-1100 Wyle Laboratories ......... (512)345-8853 ; 
Time Electronics .. (315)432-0355 Carollton ; Winnipeg _ 
Rockville Centre Arrow/Schweber Electronics . (214)380-6464 Electro Sonic Inc. (204)783-3105 
Richardson Electronics .... (516)872-4400 Dallas Future Electronics . . + (204)944-1446 
Syracuse Future Electronics ......... (214)437-2437 Hamilton Hallmark (800)663-5500 
Future Electronics ......... (315)451-2371 Hamilton Hallmark ........ (214)553-4300 
Time Electronics .......... (315)432-0355 Richardson Electronics .... (214)239-3680 ONTARIO 
Time Electronics .......... (214)644-4644 Ottawa 
NORTH CAROLINA Wyle Laboratories ......... (214)235-9953 Arrow Electronics (613)226-6903 
Charlotte Ft. Worth Electro Sonic Inc. . . (613)728-8333 
Future Electronics ......... (704)455-9030 Sie PICCUONICS 2 ests (817)336-5401 Future Electronics (613)820-8313 
i x louston Hamilton/Avnet Electronics .. (613)226-1700 
Padaatalal Ne abled ss. (704)548-9042 Aras + Electronics . (719)830-4700 Pleat (613). 
Newark .....cccccecccecee (919)292-7240 Futu' re Electronics .......... (713)785-1155 Arrow Electronics ......... (416)670-7769 
Raleigh Hamilton Hallmark ........ (713)781-6100 Electro Sonic Inc. .. . (416)494-1666 
Arrow/Schweber Electronics . (919)876-3132 Newark .......+..-0e0e0s (713)270-4800 Future Electronics .. . (416)612-9200 
Future Electronics .. (919)790-7111 Time Electronics .......... (713)530-0800 Hamilton Hallmark .. ... (905)564-6060 
Hamilton Hallmark . . (919)872-0712 Wyle Laboratories ......... (713)879-9953 Newark ..........ee eee ee (800)463-9275 
Time Electronics .......... (919)693-5166 Ache eiseieae Richardson Electronics .... (800)348-5530 
WOK «a ciiar5. sesh iun Beenetee sci = 
OHIO UTAH QUEBEC 
Centerville Salt Lake City Montreal 
Arrow/Schweber Electronics . (513)435-5563 Arrow/Schweber Electronics . (801)973-6913 Arrow Electronics .......... (514)421-7411 
Cleveland Future Electronics ......... (801)467-4448 Future Electronics ......... (514)694-7710 
Newark .........0..0.00 0 (216)391-9330 Hamilton Hallmark ......... (801)266-2022 Hamilton Hallmark ......... (514)335-1000 
Time Electronics .......... (614)794-3301 Newark ............0000ee (801)261-5660 Newark ........ eee ee eee (800)463-9275 
Columbus West Valley City Richardson Electronics .... (800)348-5530 
Newark ............ 0.0 ee (614)431-0809 Time Electronics .......... (801)973-8494 Quebec City 
Time Electronics .......... (614)794-3301 Wyle Laboratories ......... (801)974-9953 Future Electronics ......... (418)877-6666 
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SALES OFFICES 





UNITED STATES PENNSYLVANIA, Colmar .. (215)997-1020 JAPAN, Takamatsu ...... 81-878-37-9972 
ALABAMA, Huntsville .... (205)464-6800 __ Philadelphia/Horsham ... (215)957-4100 JAPAN, Tokyo .......-..-. (03)587-8311 
ARIZONA, Tempe ........ (602)897-5056 TENNESSEE, Knoxville ... (615)690-5593 JAPAN, Yokohama ...... 81-45-472-2751 
CALIFORNIA, Agoura Hils . (818)706-1929 TEXAS, Austin ........... (512)873-2000 KOREA, Pusan ......... 82(51)4635-035 
CALIFORNIA, Los Angeles (310)417-884g TEXAS, Houston ......... (800)343-2692 KOREA, Seoul........... 82(2)554-5118 
CALIFORNIA, Irvine ...... (714)753-7360 TEXAS, Plano ........... (214)516-5100 MALAYSIA, Penang ........ 60(4)374514 
CALIFORNIA, Roseville... (916)922-7152 VIRGINIA, Richmond ...... (804)285-2100 _ MEXICO, Mexico City ..... 52(5)282-0230 
CALIFORNIA, San Diego .. (619)541-2163 WASHINGTON, Bellevue .. (206)454-4160 MEXICO, Guadalajara .... 52(36)21-8977 
CALIFORNIA, Sunnyvale .. (408)749-0510 Seattle Access ......... (206)622-9960 Marketing ...........+-. 52(36)21-2023 
COLORADO, WISCONSIN, Milwaukee/ Customer Service ...... 52(36)669-9160 

Colorado Springs ........ (719)599-7497 Brookfield ............. (414)792-0122 NETHERLANDS, Best ... (31)4998 612 11 
COLORADO, Denver (303)337-3434 Field Applications Engineering Available © PUERTO RICO, San Juan . (809)793-2170 
CONNECTICUT, Through All Sales Offices SINGAPORE .............. (65)2945438 

Wallingford ........ 0.004 (203)949-4100 SPAIN, Madrid ........... 34(1)457-8204 
FLORIDA, Maitland ....... (407/628-2686 CANADA Ob sea eeetueeee nc taed 34(1)457-8254 
FLORIDA, Pompano Beach/ BRITISH COLUMBIA, SWEDEN, Solna ......... 46(8)734-8800 

Ft. Lauderdale .......... (305)351-6040 Vancouver «...... 00.000 (604)293-7650 SWITZERLAND, Geneva . 41(22)799 11 11 
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